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ABSTRACT 
Municipal Solid Waste (MSW) is one of the most chaiJenging issues in Chinese urban 
cities due to huge quantities of so lid waste generation. Unit pricing has been widely used 
as an efficient tool for waste management among many countries. The main aim of this 
study is to look into the applicability of unjt pricing policy in current Chinese society and 
to pre-evaluate this policy. 
This case study presents an assessment of the existing situation of municipal solid 
waste management in Shijiazhuang Community. Dillman Approach is used to randomly 
survey 1000 households for their consumer behavior, their attitude toward unit pricing 
policy and their own thoughts about waste management. 480 effective questionnaires 
were returned for data collection and analysis. 
Based on the qualitative analysis of our Data we provide policy recommendations to 
successfully implement unit pricing and provide a new unit pricing model specific to the 
studied Chinese city. 
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In 2004, China surpassed the United States to become the largest waste generator 
in the world. According to a report, the Urban Development Working Paper by World 
Bank (2005), China is pred icted to produce 480 million tons municipal soLid waste 
(MSW) 1 in 2030, compared with the 190 million tons actually produced in 2004. The 
growing quantities of MSW will have a significant social, environmental and economic 
impact. 
The existing waste stream calls for a more efficient waste treatment plan. 
Currently there is 700 million tons of untreated waste around urban areas of China, 
consequently, now there are sixty of655 main Chinese cities are inundated with 
untreated waste (Friend of Nature, 20 14): this is leading to the dilemma of rising waste 
generation, and declining capacity of aging landfills (Chen eta!., 20 l 0). Correspond ingly, 
the waste treatment rate remains at approximately 50% in most of cities (Wang, 20 ll ). 
The untreated waste poses considerable challenges for the government as well as civil 
society to achieve a higher level of sustainable development. Despite of all the efforts to 
deal with the increasing waste stream, China is urgent need to improve its waste 
management system by implementing more effective policies. 
1 Municipal solid waste (MSW) is commonly 1-"llown as "Garbage" in the United.States and"Rubbish" in the United 
Kingdom. It consists mostly of the waste discarded by the general public (see Chapter 2.1 for details). 
1.2 Background 
1.2.1 Price theory: from an economic perspective 
The modern economies are typically characterized by a high degree of 
interdependence of its parts (Baumol & Blinder, 2005), for example: the trade of goods 
and services between different economic groups (supplier and consumer) through the 
price system. Specifically, various inputs (e.g., raw materials, labors, machineries) are 
decided by the price from the supplier side; price will also determine who will consume 
them, from the consumer side. In general, the price is used to describe such activities and 
reflect the interaction between supply and demand (Thomas, 20 12). Price theory, 
therefore, studies the structure of different pricing models and examines the efficiency of 
them for allocation of resources. It is widely applied in various businesses and 
government agencies in their decision-making related to pricing and the allocation of 
resources. 
Price theory addresses a puzzling question between the price and value: why is 
water so cheap and diamonds are so expensive, to some extent water is more important 
for human beings and diamonds are not? Such question is well known as the 
"Diamond-Water Paradox", in the previous research by Adam Smith (1776), he stated 
that, the term of value has two meaning: value in use and value in exchange. For him, the 
labor required to extract the diamonds derives the potential value of them. Therefore the 
labor forms the underlying exchange value of the diamonds, which indirectly increases 
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their real price. Such statement brings some new insights into the price theory but it 
cannot perfectly resolve the question of Diamond-Water Paradox. 
Later, the Diamond-Water Paradox was resolved by marginal utility as a better 
resolution Menger (I 871) concluded the value of the goods is internally related to its 
utility "at the margin". For example, the first unit of water is essentially important fo r 
and individual, while there will be a decreased utility value for additional units. Jevons 
explained that " the labor which is required to get more of a commodity governs the 
supply of it; the supply determines whether people do or do not want more of it eagerly: 
and this eagerness of want or demand governs value" (Jevons, 1881 , p. I 03). WaJras 
( 1874) stated that the price of a product will keep increasing as long as there is a positive 
excess demand, but it decreases if there is a positive excess supply. Such relationship is 
commonly known as the "equilibrium theory". 
Along with the theoretical development of price theory, there are numerous pricing 
models that have been applied in different business areas. Commercial models broadly 
belong to four major categories: transaction based pricing, unit based pricing, outcome 
based pricing and gain share pricing (Figure I). 
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Figure 1. Major Categories of Different Pricing Models 
Source: (WyzMindz, n.d.) 
First of all, the transaction based pricing model requires users to pay for per-unit 
output of services based on forecast, report or number of services; while the unit based 
pricing requires users to pay for the number of units served, the pricing is directly Linked 
to the number of units output or consumption; for the outcome and gain share pricing 
model, the pricing is based on the actual business impact it shows to the user 
(measurable cost or revenue impact delivered to the buyer) (Cognizant, 20 14). 
As a fact, each of the pricing models can only be fully functioned under certain 
conditions. For example, transaction based pricing is preferred by business that meet the 
measurable service level requirement (which remains stable even if number of 
transactions or users fluctuate), also the business should be demand driven in order to 
reach a certain volume or scale (Agrawal, Varma & Ludhwani, n.d.). Accordingly, unit 
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based pricing is preferred in terms of waste management business because of its cost 
savings for the users and it tends to improve waste reduction and recycling at the same 
time. For outcome pricing model, the effectiveness of this model is evaluated by its 
actually business impacts, therefore it requires a certain level of trust from users on the 
provider 's ability to generate business outcomes. While gain share pricing model is 
widely applied for outsourcing of IT industry, under which clients are seeking for 
dramatic business improvements aligned with suppliers (Overby, 20 12). 
However these pricing models are not all applicable in the field of waste 
management, therefore, the determination of the pricing model is the key step to develop 
a waste management system. A well-designed pricing model can help a community to 
reach its waste minimization and recycling target. In addition to unit pricing, there are 
mainly two other pricing models that have been implemented in the waste management 
system: flat fee pricing and property taxation pricing. Next, we will compare these 
different pricing models in terms of their advantages/disadvantages and feasib ility (Table 
I). 
First of all, the property taxation pricing is a traditional model of funding the waste 
management system. Under this model, the waste collection agency is funded directly by 
the municipalities through distribution of the property tax revenues, which is a stable and 
secure revenue stream (O 'Leary & Walsh, 1995). This model is also with low 
administration requirement (no need to establish a separate collection system), which is 
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feas ible fo r most munic ipalit ies. 
Though the property tax model is easi ly applied, it is not the ideal pricing model in 
a waste management system because it provides no incentives fo r users to reduce their 
waste generation. Consequently, many municipalities are gradually moving away from 
the property tax as the major pricing model to collect revenue for waste management 
system (Fenton & Hanley, 1995). 
Secondly, the flat fee pricing is also known as "utility-type pricing", under this 
pricing model the households pay exactly the same fee regardless ofthe amount of waste 
service they use (Munroe, 1999). This pricing mode l is also easily applied and feasible 
for most municipalities, because it uses one flat fee for all and it is also easier to adjust 
the fee structure compared with changing the tax assessments (0' Leary & Walsh, 1995). 
The flat fee pricing model has three disadvantages during its application. First of 
all, compared to the taxes, some househo lds mig ht refuse or delay to pay fo r the waste 
services. Secondly, the issue of illegal dumping might arise that some households might 
dump their waste in public areas or others waste bins in order to evade the waste fee. 
Thirdly, there are no incentives for households to reduce their waste generation or 
participate in recycling under the flat fee pricing model (Dijkgraaf & VoiJebergh, 2004). 
Thirdly, under the unit pricing model, households will pay for the amount of waste 
service they use. As we discuss in section 2.1.2, there are many different forms of unit 
pricing models such as volume based, weight based and collection frequency based. ln 
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general, the unit pricing model typically requires households to use the identified waste 
containers (bins or bags) for collection. When households purchase the waste bags or pay 
for the volume or weight based waste collection fee , the potential revenue should be able 
to cover all the costs under the unit pricing model (l-llD Global, 2014; Reichenbach, 
2004). The unit pricing model has more advantages compared to other pricing models: 
I. It provides d irect economic incentives fo r households to reduce their waste 
generation and participate in recycling. 
2. Households will be able to raise their environmental awareness by calculating 
their waste bill and perform a more sustainable waste disposal behavior (Podolsky et al, 
1998). 
3. A unit pricing model provides a more equitable waste management fee structure 
(US. Environmental Protection Agency, 1999). Unlike other pricing models in the waste 
management system, under a unit pricing model, waste disposal fees are based on the use 
of service provided by the waste collection agencies or municipalities. Therefore, the 
households have more control over the waste bills just like other utilities (gas, water, 
electricity) (Zak & Chartrand, 1989). 
However, a unit pricing model can only work efficiently when tailored to the local 
conditions, which requires certain steps from pre-evaluation to implementation (see 
section 2.1.4). In the meantime, there are two potential drawbacks under a unit pricing 
model: 
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1. The fee structure and waste containers design, under a unit pricing model, can 
be complicated and difficult for community with limited waste management experiences 
(0' Leary & Walsh, 1995). 
2. There can be public resistance for the unit pricing model, especially by larger or 
lower income households, because they tend to pay more for the waste service. An 
efficient education program and financial assistance should be considered to reduce the 
public resistance (Callan & Thomas, 1997). 
In general, except for the ease application, a unit pricing model has all advantages 
over flat-fee pricing models and property taxation pricing models. More importantly, the 
unit pricing model is the one and the only model which provides direct economic 
incentives for households to reduce their waste generation and stay active in recycling. 
Therefore, compared with other pricing models, unit pricing can improve waste disposal 
behavior among households and provide extra revenues for waste collection agencies. In 
the next section, we will discuss about certain steps to apply unit pricing model from 
pre-evaluation to actual implementation. 
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Table 1 
Advantages and Disadvantages of Different Pricing Models 
Property Taxation Flat Fee Pricing Unit Pricing 
Advantages Easy for fee collection as Easy for the fee Direct economic incentives for 
a part of taxes. collection;flat rate for all. users to reduce waste and recycle 
Users are mandatory to Fee can be collected Users can choose preferred 
pay for waste collection either through private service and control their waste 
despite of waste amount; company or government. service costs. 
indirectly releases the 
illegal dumping. Fee structure can be Build environmental awareness 
easily adjusted. among users and provide extra 
revenues. 
Disadvantages No incentives for waste No incentives for waste Can be complicated for policy 
reduction and recycling. reduction and recycling makers, such as fee structure and 
waste container design. 
Users are not able to For private agencies the 
control or reduce their fee collection can be The concern of illegal dumping 
costs. really difficult compared and public resistance. 
with taxes. 
Equity concern between 
tax exempt users and tax Low income users are 
payers. required to pay more 
compared v.-ith property 
taxation pricing. 
Note . (Compiled by author, 2016). 
1.2.2 Unit pricing as a possible solution to the MSW problem 
Unit pricing policy, also known as pay as you throw (PAY1) charges users based 
on the amount of solid waste they dispose. The philosophy ofunit pricing is analogous to 
the pricing system of utilities for water, electricity and gas where users pay for what they 
use. Traditionally, users pay fo r waste collection through property taxes or a fixed fee , 
regardless of the waste they generate. Unit pricing policy breaks with tradition by 
charging users to pay for how much they throw away. 
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After being introduced in the 1970s, unit pricing has been successfully 
implemented in U.S, Europe and some parts of Asia. ln the U.S, now there are 4,032 
communities in 43 states with PAYT programs, which serve about 10% ofthe U.S. 
population or about 27 million residents (U.S. EPA 2000; Burgiel & Randall 1998). 
While in Europe, since 1991 the European Waste Policy has required that "part ofthe 
costs not covered by revenues from material reuse must be recovered on the 
polluter-pays principle." there are different types of unit pricing applied in municipalities 
all over Europe (Reichenbach, 2008). In addition, unit pricing is also applied in some 
developed Asian countries such as Japan, Korea or Singapore. For example, since Japan 
first introduced unit pricing in 1970s, till now there are 954 (30%) municipalities in 
Japan have implemented unit pricing programs (Hong & Adams, 1999). 
The premise of unit pricing policy is simple; each unit of waste is charged a certain 
fee. 0' Leary et al. (1999) observed that "if the goal is to wed waste reduction and 
efficiency, a system of volume-based garbage pricing would be more logical than a flat 
fee system", it reveals that the unit pricing requires households to internalize the full 
costs of their consumption and waste disposal (Zak & Chartrand, 1989). As a result, 
households that desire to minimize waste disposal costs in a unit pricing regime may 
reduce the amount of waste generated or participate in recycling programs (Fullerton & 
Kinnaman, 1996). 
In a larger context, the unit pricing policy has three main benefits: self-fmance, 
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environmental conservation and equitable distribution of benefits. 
First of all, from an economic perspective, under the unit pricing scheme, some or 
all waste management costs can be covered through taxes. This provides extra 
independence for waste management system as waste services can then be treated like 
other utilities (water or electricity) that are charged by unit consumption (Kelleher, Maria, 
et al. 2005; Reichenbach, 2008). In this manner, waste management agencies will be able 
to self-finance themselves. 
Secondly, unit pricing tends to improve waste classification and recycling 
activities. More specifically, the application of the unit pricing program has significant 
impact on energy saving from transportation, increases the recycling rate and reduces the 
pollution of landfill. In the long term, unit pricing tends also to encourage the producers 
and consumers to move towards a more environmentally friendly production and 
consumption cycle (Kellehe et al. , 2005; Reichenbach, 2008). 
Thirdly, unit pricing is an effective tool to raise local welfare as it is "generally 
positively related to household income so poorer families are likely to face lower waste 
collection charges under the unit pricing system" (Batllevell et al., 2008). Therefore, 
lower-income households will have the ability to manage their own waste bills. Though 
unit pricing has proved its effectiveness in U.S, Europe and some parts of Asia, it has not 
been applied in Chinese society yet. Indeed, for its effectiveness in waste reduction and 
for recycling, there is a great potential for unit pricing to be applied in Chinese society. 
II 
1.2.3 Chinese waste management development 
In the past several decades, Chinese central government has produced a number of 
regulations concerning waste management (see Appendix 1 for more details). As a result, 
China has established its waste management system, which involves sanitary waste 
treatment, recycling and specific regulation for MSW (Table 2). These regulations have 
significantly improved the Chinese waste management sector. For example, most of the 
Chinese cities are gradually applying sanitary landfills as a main MSW disposal option2 
with a safe disposal rate of 50%. Furthermore3, there are improved landfill operations 
with increased capacity to meet the waste management needs. In the meantime, the 
practice of waste incineration as well as waste composting has been improved in some 
major Chinese cities such as Beijing or Shanghai (Hu et at., 2006). 
However, in current China the existing waste treatment facilities are unable to 
keep up with the increasing demand for waste management services, environmentally 
friendly disposal system and cost-effective recycle projects. The limited landfill space, 
backward waste treatment technology and undeveloped recycling experiences have 
caused difficulties for the central government to fulfill the new national target. 
2 
"the isolation of the landfilled wastes from the environment until the wastes are rendered innocuous through the 
biological, chemical, and physical processes of nature" Source: (UNEP, 2008). 
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Table 2 






Construction and Demolition 
Municipal services 
Source: (World Bank, 1999). 
Typical Waste Generators Types !i Solid Wastes 
Single and multifamily dwellings 
Ught and heavy manutacturing, 
fabrication, construction sites, power 
and chemic.al plants (excluding speciftc 
process wastes if the munidpality does 
not oversee their collection) 
food wastes, paper, cardboard. plastics. 
tedites, ltathtr, yard wastes. wood, 
glass. metals. ashes, special wastes (e.g., 
bulky items, consumer electronics, whlte 
goods, batteries, oil, tires), and household 
haz<~rdous WMtes (e.g., paints, aerosols, 
gas tanks. waste containing mercury, 
motor oil, cleaning agents), e-wastes (e.q. 
computers, phones, TVs) 
Housekeeping wastes. packaging, food 
wastes, constructlon and demotition 
materials, hazardous wastes, Mhes, 
special wastes 
Stores, hotels, restaurants, markets, office Paper; cardboard, plastics, wood, food 
buildings wastes, glass, mttals, special wastes, 
Schools, hospitals (non-medical waste), 
prisons. government buildings. airports 
New construction sites, road repair, 
renovation sites, demolition of buildings 
Street cleaning, landscaping, parks, 
beaches. other recrtational artaS, water 
and wastewater treatment plants 
hazardous wastes, e-wastes 
Same as commercial 
Wood, steel, concrete, dirt. bricks, tiles 
street sweepings; landscape and tree 
trimmings; general wastes from parks, 
beaches, and other recrtational areas, 
sludqe 
In current Chinese waste management systems, there is a great separation of 
management from actual function (from national level to regional or local level) (World 
Bank, 20 12). More specifically, waste recycling or landfills are regulated by national 
ministries: municipalities cannot objectively regulate themselves. As a consequence, 
municipalities are facing the challenge to establish policies that are more suitable to local 
conditions. From this perspective we conducted a case study on Shijiazhuang, a 
mid-scale Chinese city, in order to test the applicability of unit pricing as a tool to 
improve its current waste management system. 
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1.2.4 History and status of waste management in Shijiazhuang Community 
The city ofShijiazhuang is located approximately 280 km south of Beijing and is 
the center of politics, economics, culture, science and techno logy of Hebei Province 
(Figure 2). As a central city ofBohai Bay economic circle, the gross domestic product 
(GPO) of Shijiazhuang reached¥ 206.4 billion RMB in 2006, ranking it the 43rd among 
all Chinese cities. The total population of Shijiazhuang is 2.86 million, with urban 
population density of 6897 I km2, which is the highest of all Chinese provincial capital 
cities (China National Bureau of Statistics, 201 0). 
Similar to most of cities in China, Shijiazhuang is currently facing difficulties 
regarding increasing MSW. The rapid GOP growth and enormous population have 
accelerated the local MSW generation. Since 2012, Shijiazhuang's MSW generation has 
reached 1.2kg/person/day. In addition, more than 70% of the urban areas are lacking 
space to establish new landfills (Shijiazhuang Bureau of Statistics, 2012). The increasing 
MSW stream poses serious challenges for the local environment and to public health. 
Since 2002, following the National-five-year plan, Shijiazhuang introduced its 
own household waste collection procedure, whereby household waste is collected daily 
in various districts. More specifically, approxin1ately 10,000 sanitation staff with 3,000 
tricycles are collecting waste from residential areas, administrative organizations, 
enterprises and public markets (Xu, 2003). After collection, MSW is taken to one of the 
six waste transportation centers before entering the central landfill for processing. From 
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there most of the recyclable materials are co llected within the transportation centers by 
individual unregistered waste collectors (Wang. 2005). The MSW flow will then be 
transferred into different waste treatment facilities for processing. In Shij iazhuang, there 
are three landfills and one medical waste incinerator with a total MSW treatment rate of 
80%. Furthermore, there is no official registered composting facility in Shijiazhuang and 
some of the waste is so ld to individuals for composting. 
Shijiazhuang's waste management system lacks incentives fo r the residents to 
reduce their daily waste generation. In addition, the relatively low-level of environmental 
awareness represents another barrier to the success of waste-reduction practice. The 
existing system, it seems, does not prove to be effect ive to keep up with the 
administrative costs and encourage households to reduce the ir waste production. 
Consequently, under the current waste fee system, the waste generation of Shijiazhuang 
still keeps increasing by 10% annually (Hebei Bureau of Statistics, 20 14). 
Another issue is that the fiXed waste collection fee cannot sufficiently supplement 
the city 's budget for waste treatment. The local government is spending ¥120 million on 
waste treatment every year. The current urban population of Shijiazhuang is 
approximately 2.37 million (inhabiting around 590 thousand househo lds); and each 
household is charged a fixed waste collection fee of¥3/Month. Accordingly, the annual 
revenue for waste collection is approximately ¥21.49 million. Seventy percent of this 
income is spent on maintaining waste facil ities. or on administration. The remaining 
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thirty percent covers the waste treatment expenses ( hij iazhuang City Development 
Office, 20 13). As a consequence. government is lacking the extra budget for 
Shijiazhuang to introduce new waste treatment fac ilities. 
From the facts mentioned above, it is evident that the waste management system in 
Shij iazhuang needs improvement in planning, waste reduction practice and public 
education. 
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Figure 2. Location of Shij iazhuang (SJZ) 
Source: (Shij iazhuang City Development Office. 20 13). 
1.3 Research Questions 
Though unit pricing has proved its effectiveness to solve the MSW problem in the 
European Union, North America and some developed Asian countries, it has not yet been 
applied in China yet. Therefore our focus in this research is to look into answer the 
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following three questions: 
I. Is a unit pricing policy applicable in a mid-scale Chinese community such as 
Shij iazhuang? 
2. lfunit pricing is applicable in Shijiazhuang, how can it be made more effective, 
to solve the current MSW problem? 
3. If unit pricing is not applicable in Shijiazhuang, what other solutions are there to 
improve the existing waste management system? 
1.4 Research Objectives 
In Shijiazhuang, the MSW generation is increasing as a result of its huge 
population, and where human and environmental problems exist due to the currently 
inefficient waste management practices. Unit pricing, as an effective tool to improve 
waste management system, has been applied throughout many developed countries. 
Despite the differences between developing and developed countries, specifically 
in terms of unit pricing policy, the findings from previous research provide insight 
as well as a foundation for similar research in developing countries. Therefore, this study 
investigates the existing waste management system in Shijiazhuang and seeks the 
applicability of unit pricing policy. 
A significant component to successful waste reduction programs is public 
participation, and recognizing and understanding the factors that influence participation 
is essential in order to promote sustainable solid waste management solutions 
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(McKenzie-Mohr, 2000). The individual is the primary waste generator and primary user 
of waste serv ice~ therefore, it is important to develop long-term commitment and 
participation by the public before adopting a unit pricing policy. 
In the light of great importance of public participation in the waste management 
system, this study looks into the current waste consumer behavior ( i. e., waste generation, 
waste c lassify ing and disposal habits) among Shijiazhuang households as well as their 
acceptance of unit pricing policy. The following objectives will be pursued in order to 
achieve the overall goal ofthe research: 
I. Analyze the factors shown to influence the effect of unit pricing policy, by a 
review of previous research for different unit pricing systems. 
2. Develop research methods to gather information about the existing management 
system of household waste in Shijiazhuang using the factors as a guide. 
3. Determine whether each factor can be considered a barrier or an incentive to the 
application of unit pricing policy based on the synthes is of information. 
4. Make policy recommendations for the future unit pricing applications. 
1.5 Methods 
In this research we followed a case study approach with a major focus on the city 
of Shijiazhuang. This study was conducted following several steps. First, we looked into 
the successful global waste management experiences based on the literature. Second, we 
analyzed the current waste management system in Shijiazhuang (experiences and issues). 
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Third, we conducted a household survey using an identified Dillman Approach to 
determine the households' consumer behavior, their attitude towards unit pricing policy 
and their own concerns about waste management in general. Next we analyze the data to 
investigate the applicability of unit pricing in Shijiazhuang. Finally, we provide 
recommendations for successfully implementing unit pricing policy. 
1.6 Outline of the Thesis 
This study is arranged into six chapters. The fo llowing Chapter Two is a review of 
the literature, regarding worldwide waste management systems, waste management 
development in Ch ina, and unit pricing, as a solution to solve MSW problem. As a 
fo llow up to the knowledge gained from the previous chapter, Chapter Three is an 
overview of the methods that are used for this research. Chapter Four, presents the case 
study, to investigate the current waste management status of Shijiazhuang. In Chapter 
Five we present the results of Shijiazhuang households' survey and the qualitative 
analysis ofthis. To conclude, in Chapter Six, we provide conclusions ofthis study, policy 




In this literature review, we examine the current status of global waste 
management system and unit pricing policy. Then we discuss the successes and issues of 
waste management in China. More precisely within this chapter we aim to: 
I. Discuss unit pricing, with regard to its framework, application, effectiveness 
and limitations. 
2. Gain insight into waste management concepts, frameworks, strategies and 
components in the field, with particular focus on the literature that discusses the 
management of Municipal Solid Waste (MSW). 
3. Look into the current Chinese waste management system, and discuss the 
major waste treatment measures, experiences and possible barriers. 
The fmdings of this literatw·e review will be later used to evaluate the applicability 
of unit pricing in the case study city of Shijiazhuang, and to make recommendations to 
improve its current waste management system. 
2.1 Unit pricing as a Tool to Solve MSW Problem 
In this section a literature review is conducted concerning unit pricing in five steps: 
the concept of unit pricing; an overview of theoretical development and the comparison 
between unit pricing model and other waste management models; the pre-evaluation of 
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unit pricing's applicability, under certain conditions; the global applications of unit 
pricing, with particular focus on cases in the United States, the European Union and 
Japan; and successful experiences and limitations of unit pricing. 
2.1.1 The concept of unit pricing 
Unit pricing, or the "Pay as you throw" policy, has proven to be an efficient tool 
of encouraging waste reduction and recycling. Under the unit pricing scheme, each unit 
of waste is charged a fixed price. Thus, the total fee for municipal solid waste services 
will grow with the quantity of waste being disposed. Furthermore, it can help to foster 
the attitude in households to "think before you throw away" (Hong Kong 
Environmental Protection Department, 201 2; Fullerton & Kinnaman, 1995; Zak & 
Chartrand, 1989). 
Unit pricing follows two principles: the polluter pays principle and the shared 
responsibility. The polluter pays principle refers to primary waste producers, paying for 
the waste they generate. The share responsibilities principle refers to all three primary 
waste stakeholders (the waste treatment facility, waste generator and municipality), 
sharing and being involved in the waste management system. Both principles stress the 
importance of dividing the responsibilities into different component from waste 
generation to the waste treatment sector. Variable fee application requires waste 
generators to pay more, if they produce more waste, and different stakeholders to share 
the responsibilities of waste in terms of collection, transportation, treatment and fmal 
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disposal (Skumatz & Breckinridge, 1990; US Environmental Protection Agency, 1990; 
Fiske, 1992; Canterbury, 1994; Guerrieri, 1994). 
2.1.2 Theoretical development of unit pricing models 
To better understand the development of unit pricing theory, we examine the 
existing literature, to determine the different frameworks of unit pricing, its distinct 
identification methods, and the prerequisites for its success. A number of recent studies 
point out that unit pricing could be implemented under three main frameworks (Alberta 
Environmental Protection, 1995; Association of Municipal Recycling Coordinators, 1996; 
Burgiel & Randall, 1998; US. Environmental Protection Agency, 1999; Kelleher et al, 
2000; Skutmatz Economic Research Associates, 2000). 
• full-unit pricing (which refers to a fee charged to users based on the amount of 
collected waste). 
• partial-unit pricing (under which users are charged an additional waste co llection 
tax, when a pre-determined number of waste bags or containers are exceeded). 
• variable-rate pricing (where users rent or purchase a container and are charged 
based on the amount of waste they generate). 
The user fee, which is the key e lement within unit pricing framework, can also be 
charged in different forms. Dijkgraaf and Gradus (2004) estimate the effects for 
weight-based, bag-based, frequency-based and volume-based pricing of household waste 
collection. Their study finds that the weight-based pricing is the most widely used unit 
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pricing model and the most effective in reducing MS W generation. Based on an 
empirical study on weight-based unit pricing, Skumatz (1991) finds significant and 
sizable economic effects in the long-term, due to waste treatment agencies gaining 
double economic benefits, by charging the users to pay for the waste services. However, 
they also fmd the rise in illegal dumping activities under this scheme. 
In addition to user fee, user identification is an important element of unit pricing 
framework that needs to be detem1ined. Reichenbach (2004) finds user identification and 
identification of the container are the two common methods used (Figure 3). 
The user identifi cation system can be applied in two different ways. In the fiist one, 
users are required to purchase their own waste identification cards. The volume or 
weight of the waste is then recorded by waste collectors, and kept as evidence, to 
calculate the tax for waste collection (Reichenbach, 2008). The second pre-paid system 
requires users to purchase the identified waste disposal bags. The identified bags are 
designed and sold by the municipalities. In order to receive the waste services, users are 
required to classify the waste correctly before disposal (Taiwan Environmental 
Protection Agency, 2012). Under the pre-paid system, users will be able to choose certain 
sizes of waste bags that fit their needs. 
Under the container identification system, users have the choice of two methods. 
One method is pay-per-bin, where individual users are allocated a device, which is used 
to identifY them by waste collection agencies (by waste collecting trucks or a reader 
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carried by the operator). The waste bin comes w ith a volume limit, which users are not 
allowed to exceed (HID Global, 20 14). T he other method is also pay-per-bin but depends 
on collection frequency. Users are given the option to choose how o ften they want to 
receive waste co llection serv ices by the city council. or waste collection agencies. 
Therefore, compared with pay-per-bin w ith individual waste generation, the collection 
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Figure 3. Main A lternatives in the Unit Pricing Model 
Source: (Reichenbach, 2004). 
To summarize and compare the strengths and weaknesses of each unit pricing 
model (Table 3). analys is suggests that we ight- or volume-based unit pricing, under a 
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user identification system, tends be more effective for waste reduction. But it is not 
widely applied because of the high operation costs. In contrast, unit pricing models under 
container identification systems have the advantage of being easier to apply fo r 
generating higher revenue, but it provides less incentive for users to actively participate 
in recycling or waste classification (Fullerton & Kinnaman, 1994; Hong et al, 1999; 
Miranda et al, 1994; Podolsky et al, 1998; Saltzman et al, 1993). 
Table.3 
Comparison of Different Unit Pricing Models 
User identification system Container identification system 
Unit pricing Pay-by- Pay-by- Pay-per-bin with Pay-per-bin Pre-payment 
models volume weight individual waste with with 
generation collection purchasing 
frequency bags 
Recycling High Very Medium Low High 
incentive High 
Estimated cost Very Very High Medium Low 
High High 
Estimated Medium Medium High Very High Medium 
revenue 
Waste collection High High High Low High 
efficiency 
Implementation Medium Medium Low Very Low Medium 
difficulty 
Popularity in Low Very High Medium Medium 
former cases Low 
Note . (Compiled by author, 20 15) 
2.1.3 Pre-evaluation of unit pricing implementation 
The existing literature also suggests that the successfu I imp Jementation of a unit 
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pricing system requires a number of steps (Figure 4). The first step is a pre-evaluation as 
it determines if a unit pricing program is applicable in the local community, and which 
type of unit pricing is more feasible for local conditions. 
The second step, policy makers are required to consider the estimated cost. The 
total cost estimation should be based on the projected revenue, the charging system 
design, the estimation of capital investment and the relationship between the charging 
system and waste generation. The relationship between the charging system and waste 
generation needs to be evaluated, as an over-charged co llection fee tends to have a 
negative effect on recycling and public participation. 
The third step, the policy makers are required to determine the design of waste 
containers/bags. For both user-identified and container-identified unit pricing systems, 
the design of containers/bags has a direct influence on environment. For example, the 
transparent bags for recyclable materials contain fewer impurities than pure color bags, 
which indirectly improve the recycling rate. 
The fourth step mainly refers to the communication with potential users, which 
involves public education, media marketing, distribution of unit pricing guiding 
materials and surveying for user preferences. The users should be clearly informed of the 
service schedule, the co llection methods, the charging methods, taxation and the possible 
penalty imposed fo r unauthorized behaviors. 
The fifth step consists of during and after program testing (approximately two to 
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three months), where waste manager should re-consider the unit pricing implementation 
status and set up a monitoring system. to enhance the fully functioning unit pricing 
program. 
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2.1 .4 Unit pricing applications 
Unit pricing in the United States 
In pace with the theoretical development in unit pricing. there have also been a 
number of studies discussing the effect and applicability of unit pricing. The United 
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States is one of the countries that have been the ftrst to implement unit pricing policy. 
The first unit pricing program was introduced in the United States at the beginning 
ofthe twentieth century (Miranda, Scott, & Joseph, 1996). By 2008, approximately 4100 
municipalities in the US bad implemented different forms of unit pricing programs 
(Skumatz & Freeman, 2006). 
Pay-per-bin unit pricing is in the lead position in large municipalities throughout 
the US. For example, Skumatzt and Freeman (2006) looked into a unit pricing program 
in Dubuque, Iowa. The program here was ftrstly implemented in 2002, as a multiple 
waste collection system. Such a system gives users different options regarding MSW 
services. Residents are provided with a 35-gallon trashcan, for$ 8.70 per month, they 
can also rent an extra trashcan with add itional charge for $5 per month. Alternatively, 
residents have the option of using a 50-gallon trash can for $10.70 per month, with the 
choice of an add-on of another 50-gallon trashcan, for an extra charge of $7 per month. 
They could also buy extra waste bags with tags for $1.20 (Skumatz & Freeman, 2006). 
The unit pricing program in Dubuque has proven to be an effective method for MSW 
reduction. Furthermore, since the start of the program, Dubuque's recycling rate 
increased by 30% and its waste generation was reduced by 28%. Skumatz and Freeman 
(2006) stress that the multiple waste collection option is the key to the success of unit 
pricing program in Dubuque. 
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On the other hand, Miranda and Joseph ( 1998) conducted an empirical study on 
residential waste from nine American communities; evidence of this study proved to be 
consistent with the underlying unit pricing theory, that communities experienced a 
reduction of waste being landfilled, or incinerated, after the implementation of unit 
pricing (see Table. 4). In addition, they find that higher pricing fees with minimum 
container sizes leaded to a higher level of waste reduction. Along the same line of 
research, a household survey conducted by Fullerton and Kinnaman (1996) in 
Charlottesville, Virginia, found that the amount of materials recycled increased, on 
average, by 15% per year. 
Table 4 
Unit Pricing Implications within Nine American Cities 
Cities Container MSW Waste Recycling increasing 
volume Rate(Dollar/ reduction rate (%) 
(Gallon) gallon/week ) rate(%) 
Downers Grove, lL 30 0.05 23.74 43.26 
Glendale, CA 65 0.02 -5.6 59.66 
Grand Rapids, Ml 30 0.03 22.10 Lack of infonnation 
Hoffinan Estates, IL 30 0.05 37.22 41 .09 
Lansing. Ml 30 0.05 so 122.5 
Pasadena, CA 60 0.03-Q.04 10.Q7 69.81 
San Jose, CA 32 0.09-D.LO 20.84 145.78 
Santa Monica. CA 40 o 05-D 09 17.53 29.81 
Woodstock, IL JO 0.05 15.02 63.97 
Source: (Miranda et.al. 1998). 
Unlike big municipalities, pay-per-bag unit pricing is more popular among sma ller 
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towns in rural areas. Houtven and Morris ( 1999) examined the results of two policy 
experiments in Marietta, Georgia. These trials consisted of a traditional unit pricing 
program, that required households to pay for extra bags presented at the colJection site 
and an improved unit pricing program that required households to pre-commit a certain 
number of bags to be collected each week. Households are charged for the number of 
bags whether they use all of them or not. Houtven and Morris (1999) found that the latter 
bag-based unit pricing program, significantly reduced MSW generation by 36% from the 
previous year while the traditional unit pricing program only reduced it by 18%. 
In terms of efficiency, as a widely applied waste treatment policy, unit pricing has 
proven its success mainly in four aspects. These are: reducing the burden on disposal 
infrastructure; encouraging more effic ient resource use; reducing environmental impacts; 
and lowering costs (US Environmental Protection Agency, 2009). 
First of all, the application of a unit pricing program will reduce the burden on 
disposal infrastructure. Currently, there is insufficient budget is a common issue for 
many municipalities: the application of unit pricing program will bring extra funds for 
municipalities to set up new waste disposal infrastructure, or to renew the existing ones. 
Secondly, the application of unit pricing will improve the efficiency of resource 
use. It will encourage a culture which values resources, by making it more worthwhile 
for users to reduce their waste generation, to use products for longer and to reuse them. 
30 
Thirdly, unit pricing will also reduce the environmental impacts caused by the 
waste. Unit pricing does not only simply reduce the waste, but also improves waste reuse, 
recycle and recovery. Therefore, the traditional waste treatment methods will be more 
efficient in reducing the environmental impacts related to the waste industry. 
Fourthly, such programs will lower the cost for users. Under the variable rates unit 
pricing system, discounts for those on a low-income or the elderly are always provided, 
which gives new opportunities for users to reduce their waste service cost. In general, 
those users who limit their waste can gain control over a bill they previously could not 
lower. 
Conversely, unit pricing presents two major concerns: the high administration cost 
and the illegal dumping activities related to its application. 
The high cost of unit pricing mainly refers to the fact that the establishment of unit 
pricing system and the operation costs are subsequently high (Hui, 1999). This fact has 
been criticized, however, by Skumatz and Freeman (2006), who indicated that two-thirds 
of unit pricing programs report similar or decreased costs compared with non-unit 
pricing programs. This research emphasizes, though, that more studies are required to 
lower the administration cost of a unit pricing program. 
The second concern is illegal dumping. This issue was identified and investigated 
by the US Environmental Protection Agency (EPA). In their annual report of2009, they 
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found that 20% of unit pricing programs are linked with illegal dumping activities. In 
order to solve this issue, the EPA introduced a strict monitoring system with curbside 
collection programs. In such programs, users were allowed to deposit their containers in 
the public waste collection sites themselves free of charge. At the same time, variable 
rates were applied; based on the different levels of household waste generation, users 
would be charged more for waste collection, if they were found to be dumping waste 
illegally. Skumatz and Freeman (2006) found that for unit pricing programs with a 
curbside collection service that 95% of the households expressed their satisfaction of the 
program, and subsequently most of the illegal dumping activities disappeared. A survey 
of3,040 households in Tompkins County, New York, also proved that the variable rates, 
in conjunction with curbside service, significantly increased public participation in 
recycling. Fifty percent of the respondents confirmed they recycle more, because of 
variable rate and curbside collection service. At the same time, the increasing recycling 
rate also reduced the incentives for illegal dumping (Reschovsky & Stone, 1994). 
To conclude, the proper design of a unit pricing system with efficient 
administration is the key to solving the concerns mentioned above. Moreover, most 
communities with unit pricing systems have found these problems to be isolated, 
short-lived and easy to overcome (Stone & Harrison, 1991 ). 
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Unit pricing in European Union countries 
Unit pricing was frrstly introduced in Gennany and the Netherlands, and has since 
expanded throughout the EU, with 17 countries having established one, or more of these 
unit pricing systems to deal with MSW (Reichenbach, 2008). As an essential e lement in 
the waste management framework, unit pricing policy in the EU fo llows five core 
principles (Table 5). Fo llowing these five core principles, the unit pricing system 
established in the EU has proven to be effective in waste reduction and recycling. 
Table 5 
Core Principles of EU Countries 
The Principle of Prevention Preventive measures should be implemented, as priority, before 
environmental damage is caused. 
The Polluter Pays Principle Polluters (waste producers) are responsible to pay 
for the damage done. 
The Extended Producer Producers of products are also responsible for environmental 
Responsibility impacts during the manufacturing process or disposal. 
The Proximity Principle Both disposal and recycling activities should be done as close as 
possible to the nearest waste site (to minimize transaction and 
administration costs). 
The Self-Sufficiency Principle To conduct waste recycling and disposal inside the country: 
waste will not be shipped to other countries. 
Source: (Tojo, Neubauer, & Brauer, 2008). 
The principle of prevention stresses that the overall target of unit pricing is to 
prevent waste generation as a priority, before the damage to the environment is done. The 
polluter pays principle refers to primary waste producers paying fo r the waste they 
generate. The extended producer responsibility principle stresses that the producers are 
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also involved in the unit pricing system, and should take the responsibility for 
environmental impacts during the manufacturing process, or later disposal. The 
proximity principle suggests that the unit pricing design should support both disposal and 
recycling activities, to be done as close as possible to the nearest waste sites: in this way, 
transaction and administration costs are minimized. The self-sufficiency principle states 
that unit pricing should be feasible for the close-cycle waste treatment, i.e. waste 
recycling and disposal are conducted inside the country. 
As one of the first EU countries to introduce unit pricing program, Germany has 
successfully in1plemented different unit pricing programs. Eichner and Pethig (1999) 
examined a new approach to unit pricing programs in Germany, under which the 
recyclable materials were primarily collected and used for producing consumption goods. 
The consumption goods or services were used, without further transformation in 
production, by households or government units, fo r the direct satisfaction of individual 
needs or collective needs. This study also suggested that the household-based unit 
pricing policy does not work effic iently because the cost for waste classification is 
extremely high. Such concerns could, however, be nullified by a direct take-back rule 
where most of the waste is directly recycled or disposed of without treatment at a 
reasonable transaction cost (Eichner & Pethig, 1999) . 
Another alternative approach by Eichner and Pethig (2000) assumed that a 
consumption good to be made up of two different materials, mixed with a product design 
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affecting the costs of both production and recycling. According to the extended producer 
responsibility principle, Germany established a new waste recycling system which is 
known as the "Green Dot". Under the "Green Dot" system, is that the manufacturers 
are required to pay a license fee for the collection and recycling of the packaging of 
products. The license fee is based on the packaging material, the weight of the item and 
the recycling expense. Therefore, the "Green Dot" system can be regarded as another 
form of unit pricing, which targets the producers rather than the consumers. This system, 
thus, gives industry an incentive to improve their product design by producing easily 
recyclable packaging, and by reducing the quantity of packages and packaging material. 
Among EU countries, unit pricing has been applied in four main schemes. These 
schemes are not directly comparable, as are they aimed at different levels of households, 
in terms of their social characteristics (such as income, education and consumer 
behavior). This ensures that most of the social classes are covered under the unit pricing 
system. 
First, a fixed annual fee per household is applied in EU countries as a separate 
element under unit pricing scheme. The fee ranges from €40 (in Miravet and Rasquera 
Municipalities, Catalonia, Spain) to up to €2,415 (for a large I, 1 00-liter bin in Stuttgart, 
Germany) (Reichenbach, 2008). Second, fees for the purchase of mandatory refuse bags 
for MSW range from €0.65 for a 17-liter bag (Argentona Municipality, Catalonia, Spain) 
to €5.50 for a 70 liter bag (for bags over and above the standard volume collected, 
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Stuttgart, Germany). Third, fees per emptying a bin range from €0.50 in France (in the 
context of a scheme combining volume and frequency elements) to €4.20 (north 
Helsinki, Finland). Fourth, fees per kg range from €0.17 (Slovakia) to €0.36 (Sweden) 
(European Commission, 201 2). 
These four schemes, have significantly improved the efficiency of unit pricing 
policy in Europe. Reichenbach (2008) claimed that among the EU countries, unit pricing 
has proved its efficiency in waste reduction and recycling, under the well-designed 
charging system. He also stressed that the design of fee structure plays a critical role in 
the unit pricing system. The charging system should correctly reflect waste services cost, 
but should always be feasible for incentives to improve waste reduction; otherwise it 
may cause illegal dumping and other potential risks (Tojo et al, 2008). 
Unit pricing in Japan 
Unit pricing policy is playing an important role in the Japanese waste management 
system. Since unit pricing was firstly implemented, in the 1990s. Japan now presents its 
high recycling rate as an ideal model for other Asian countries to follow. 
Households in Japan are required to separate MSW into "combustibles" and 
"non-combustibles" following 3Rs principle (reduce, reuse and recycle, as discussed in 
Section 2.1.3) (Horio, Shigeto, & Shiga, 2009); which in line with unit pricing is an 
effective step-wise guiding policy for promoting the 3Rs (Sakai et al. , 2008). There are 
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two types of unit pricing programs in Japan: simple unit pricing, and two-tiered unit 
pricing. 
In the simple unit pricing program households are charged based on the weight of 
waste the needs to be disposed; the more waste generated, the higher the fee fo r waste 
collection and processing (Sakai et al., 2008). Jn the two-tiered unit pricing, however, 
households are required to purchase different waste bags, for different waste categories 
(kitchen garbage, incombustible or combustible garbage, glass or metal garbage). With 
this system, a certain amount of waste is first disposed of free of charge, then the rate 
increases progressively, once that fixed amount is exceeded. Some municipalities 
provide incentives, such as reduction in the utilities bill , or receiving free mandatory 
waste disposal bags to encourage households to produce less than the free , permitted 
amount of waste. 
Today, 19 ofthe 26 cities around the Metropolitan area ofTokyo require 
households to purchase designated bags (Japan Ministry of the Environment, 2004). As 
a positive consequence, many Japanese households have reduced the waste they send for 
disposal and participate in recycling activities more often. In general, the total annual 
waste generated in Japan decreased from 52.36 million tons in 2000 to 45.4 million ton 
in 2010, while the daily per-capital waste generation also declined from l.J32 
kg/person/day in 2000 to 0.976 kg/person/day in 2010 (Horio, Shigeto, & Shiga, 2009) 
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2.1.5 Limitations of unit pricing and possible solutions 
Through unit pricing programs, the US, the EU countries and Japan have achieved 
the main targets of waste reduction and promotion of recycling activities. However, there 
are limitations to each of the applied unit pricing schemes. Based on the existing 
evidence, Batllevell (2008) concluded that the threat of illegal dumping, improper unit 
pricing design and the high cost issues may become potential barriers to implementation 
of unit pricing. 
Indeed, the threat of illegal dumping remains an important concern for 
munic ipalities. Three different pathways for illegal dumping are identified as placing 
waste in other households' bins; burning it at home; and dumping it in natural areas 
(Dijkgraaf & Gradus, 2004). Most of unit pricing programs in the US have achieved a 
significant increase in waste reduction, thanks to the multiple waste collection options 
which allow households to choose the most preferred waste service. This success, 
however, did not totally eliminate the illegal dumping, that has been reported in most of 
the US unit pricing programs. The Japanese two-tiered unit pricing system is, overall 
successful, however, some residents in the peripheral regions ofthe city tend to burn 
their waste in their backyard, in order to lower usage of designated bags (Sakai et al. , 
2008). 
Jn addition, the improper design of a unit pricing system might lead to undesirable 
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outcomes. The unit pricing programs wouldn' t work inefficiently, without cooperation of 
other waste treatment methods, such as incineration, landfill or recycling. Therefore, 
Reschovcky and Stone ( 1994) stressed that the simple use of unit pricing, has limited 
effect upon recycling activities. They concluded that a well-designed unit pricing system 
includes a number of policy instruments such as tin1e control, proper tax design, and 
environmental assessment, to increase its efficiency. 
Each of the components within unit pricing system (determining the waste fee rate, 
public education, payment collection and monitoring activities) seem to increase the 
administrative costs (Reschovsky & Stone, 1994). 
In response to the above problems, the existing studies have provided a number of 
options to minjmize the limitations of unit pricing system. 
First, iiJegal dumping activities can be solved, through public education programs 
and efficient regulations, such as monjtoring systems and regular feedback of waste 
services. Moreover, most communities applying urut pricing programs with curbside 
waste collection services treated illegal dumping to be less of a concern than anticipated 
(US Environmental Protection Agency, 2003). These have also proved to be more 
efficient in recycling and waste reduction (Callan & Thomas, 1997). Based on the fact 
that there is basically no charge for unit-based curbside recycling, it tends to create an 
incentive for households to transfer some of their waste into curbside collection sites. 
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Jenkins ( 1993) compared the results of normal recycling programs and recycling 
programs with curbside collection services, and found that the latter have reached the 
annual waste reduction rate of 16% compared to non-curbside recycling programs for 
which the waste reduction rate is only 6.5%. 
Second, the proper design of unit pricing system is key to achieve its success. A 
properly designed unit pricing programs consists of a well-designed charging system, an 
efficient pre-evaluation of its feasibility and an education program which would cover all 
social classes. First of all, a well-designed charging system would cover the 
administration costs and also make contributions to the local social welfare. A unit 
pricing program also requires a pre-evaluation for its feas ibility, in terms of local 
conditions such as household income, MSW composition, and environmental awareness. 
Finally, almost every successful unit pricing program comes with a wide-ranged public 
education program, which would cover all social classes. An efficient public education 
program should directly increase recycling rate, raise waste collection income, and 
transform waste consumption behavior among local households, into that which is more 
sustainable (Forbes et a!., 200 l ). 
2.2 Global Municipal Solid Waste Management 
fn thjs section, we first discuss the current municipal solid waste flow and the 
official definition of municipal solid waste (MSW). Then we introduce the waste 
management hierarchy, progress in waste minimization/reduction, which is foiJowed by 
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an overview of the current global waste management practices. Finally, we discuss the 
integrated waste management system as an effective tool to solve the MSW problem. 
2.2.1 Definition of municipal solid waste 
Before we look into the current waste problem, it is necessary to explain the major 
issue of this research: the Municipal Solid Waste (MSW). According to United Nation 
Environment Programme (2010) the estimated quantity ofMunicipal Solid Waste (MSW) 
generated worldwide is 1.7 to 1.9 billion metric tons. Furthermore, the latest World Bank 
(2005) report predicts that by 2025 the arulUal global MSW management costs will 
increase from $205.4 billion to $375.5 billion USD. 
Jn the meantime, the MSW stream also poses several challenges to the global 
environment. According to the report of UNEP (2000) , as the cheapest and easiest 
method of waste disposal, the landfill has been criticized for its serious environmental 
impacts. More specifically, after MSW is buried in a landfill or burned in a incinerator, it 
will emit carbon dioxide and methane, which are both greenhouse gases and detrimental 
to the atmosphere (US. Environmental Protection Agency, 201 0). Additionally, the 
untreated MSW will pose serious threats for environment and public health, such as soil 
contamination, water contamination, leachate and vector-borne diseases (Taylor & Allen, 
2006). 
Moreover, Schubeler et al. ( 1996) state that the accuracy of MSW data, relies 
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2.2.2 Municipal solid waste management hierarchy 
Municipal Solid Waste Management (MSWM) consists of two main components: 
the management ofMSW and control the impacts of MSW treatment. 
MSW management consists ofMSW collection, transportation, recycling, resource 
recovery and final disposal (Schtibeler et al., 1996). MSW control means to control and 
minimize the impacts of waste treatment on public health, economics, and environment 
(Ramachandra and Shruthi, 2006). In a mature MSWM system government is 
responsible in terms of administration (setting goals and monitoring), fmancial planning 
(budget setting and cost control) and engineering activities (operation, maintenance and 
environn1ental evaluation) (Kreith, 1995). 
The waste management hierarchy is regarded as a guideline for MSW management 
(US. Environmental Protection Agency, 201 0). The waste management hierarchy in 
Figure 5 shows that source reduction, reuse, and recycling, are the preferred methods of 
dealing with the MSW problem, over landfills. 
In the waste management hierarchy, " Waste Reduction or Waste Minimization" is 
the most preferred option, as this will gradually reduce the waste generation before 
disposal. Waste reduction can be achieved through the use of enviro1m1entally friendly 
product design, which is then purchased by the consumers (Yang, 20 II). 
The second preferred option, " Reuse" means that some forms ofMSW can be 
43 
reused in its current fo m1, or as a new product. Certain types of waste such as furniture, 
bicycles and clothes can be reused as second hand products (US. Environmental 
Protection Agency, 20 I 0). 
The third preferred option is "Recyc le". This refers to recovering the resources 
contained in the waste stream and processing them into other forms of products. 
Recycling uses recyclable materials to produce more products, which provides economic 
benefits with less environmental impacts (Lets Recycle, 2006). 
The fourth option is "Source Recovery" which refers to composting and 
anaerobiclbio-gas digestion. This is regarded as more desirable than disposal by 
incineration or landfill, as it not only is cost-effective, but it also produces energy 
productive; a well-designed composting system could make waste into energy or 
fertilizer, with relatively few environmental impacts (Knox, 2005). 
Finally, the least preferred option is the combination of " incineration and 
landfilling" . Incineration refers to the combustion of waste into heat or electricity. It is 
important that the hazardous, bulky or recyclable materials are removed before 
combustion, and the flue gases are c leaned of pollutants before they are dispersed into 
the atmosphere. Landfilling is historically regarded as the most common method of 
waste disposal. In many developing countries, landfills are still widely used despite their 
serious environmental and socia l impacts. For example; leachates from the landfills 
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could cause significant ground water pollution and emit large quantities of greenhouse 
gases (Friends of the Earth, 2008). 
Figure 5. Waste Management Hierarchy 
Source: (European Union. 2008). 
The application of waste hierarchy has several benefits. It can help reduce 
pollutants and emissions of ghg and it can conserve resources and improve the 
environmentally friendly technologies (Waste-to-Energy Research and Technology 
Council, 2009). However this application does not involve the potential costs and the 
practicalities, therefore we will discuss the global practices of waste 
minimization/reduction in the next section. 
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2.2.3 Progress in waste minimization/reduction 
In the EU, North America and some parts of Asia, waste management is 
incorporated with the "Three Rs" principles (Reduce, Reuse and Recycle) (AIIwood et 
al. , 2010). In fact, the increasing waste stream and limited land space stimulate the 
"Three Rs" principles to become the central tenet for waste reduction/minimization 
(EI-Haggar, 2007; Seadon, 2006; Suttibak & Nitivattananon, 2008). 
The concept of waste reduction, or waste minimization encompasses three 
elements: preventing or reducing waste generation at source, improving the quality of 
generated waste (such as reducing the hazards), and encouraging the re-use, recycling 
and waste recovery activities. In general, waste min imization involves waste prevention 
as well as pre-treatment measures such as waste classification (US. Environmental 
Protection Agency, 20 I 0). 
Waste prevention mainly refers to the reduction ofwaste and reduces its impacts 
on public health and environment (European Union, 2008). Former studies summarized 
the waste minimization and prevention measures as it is shown in Table 6 (e.g. Gottberg 
et al., 201 0; Sharp et al. , 20 I 0; Wilson et al., 2004; Zorpas & Lasaridi, 20 13). 
These measures have a huge potential to improve the waste management system. 
Based on the re-manufacturing approach some organizations have added a fourth R to 
the existing "Three Rs" Principles. The fourth R can represent different words including 
46 
rebuy, rethink, and recover. Rebuy refers to consumer purchasing decisions, where 
consumers have the chance to improve the waste management system by purchasing 
products that have been recycled or re-manufactured (D avis, 2008). Rethink indicates 
that the changing of our consumer behavior, could significantly improve waste 
minimization (Concordia University, n.d.). Recover refers to the treatment methods such 
as recycling, composting or energy generation, to maximize the value of waste before 
disposal (First Nations of Quebec and Labrador Sustainable Development Institute, 
2008). 
Table 6 
Waste Prevention/Minimization Measures 
Waste minimization concepts 
Prevention .; Reducing the quantity 
measures of waste 
./ Reduction of adverse 
Impacts of generated 
waste 
.t Reducing the content of 
harmful substances in 
material and products 
Treatment ./ Reduction at source 
measures 
-1 Re-use of products 
./ Quality Improvement 
" Recycling 
Source: (Singh et al. (2014). 
Approaches/measures 
Production system 
• Resourct> etricit>ncy 
• Extending product's life-
span 
• Cleaner production 
• Design for environment 
• Industrial symbiosis, eco-
industnal park 
• Taking responsibility 
for gent>rated wastes, e.g. 




Consumption system Waste management 
system 
• Re-use and repair of • Diverting waste 
products from landfills 
• Sorting of waste [e.g. 
separating organic 
recyclable wastel 
• Product 'take-back' • Recycling 
• Energy recovery 
• Pre-treatment 
of wastes before 
disposal 
2.2.4 Composting and anaerobic digestion 
Due to the limited landfill space, there is a growing tendency to recycle MSW by 
composting. The composting method can convert biodegradable waste such as paper, 
kitchen waste and agricultural residues into useful materials (Friends of the Earth, 2008; 
UNEP, 1996). In developing countries composting is an effective solution to handle 
organic waste as the composted products can fulfill the agricultural need for fertilizer. 
Similarly, home composting method is an effective way to transform the garden waste 
into fertilizer. In Europe, there are 2,000 composting facilities have been established to 
process household organic waste (Boldrin et al, 2009). Composting is also broadly 
applied in non-Organization for Economic Co-operation and Development (OECD) 
countries. In 2008, around 9% ofMSW was being composted in India. Meanwhile, 
Vietnam, Pakistan and Bangladesh have established their composting systems under the 
financ ial and technical support of United Nations Economic and Social Commission for 
Asia and the Pacific (ESCAP) (Sharholy et al, 2008). Nevertheless, there is an urgent 
requirement for new composti:ng technologies in developing countries. 
As a new composting technology, anaerobic digestion (AD) can convert waste 
under anaerobic conditions (with little amount or no oxygen), in an environmentally 
friendly way (Friends of the Earth, 2007). Plants used in the AD composting system can 
produce heat or electricity; in addition, the remaining material can be used as soil 
fertilizer. The AD system can reduce ghg emissions and result in higher net carbon 
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savings, compared to traditional composting methods (Friends of the Earth, 2007). 
Scurlock (2009) states that in order to achieve a sustainable composting system through 
anaerobic digestion, it is important to increase public awareness, to ensure that proper 
MSW classification and material recycling are prioritized. 
2.2.5 Global incineration status 
Incineration has been strongly criticized by many experts for its unsustainability in 
terms of environmental impacts, high operation and maintenance costs. However, 
Bogner et al. , (2007) stress that by all means incineration is still a better choice, 
compared to landfills or compost. Therefore, we will look into incineration from both 
positive and negative perspectives. 
On the positive side, compared with other waste treatment options, incineration 
significantly reduces (up to 80 %) the MSW volume requiring disposal (Ramboll, 2006). 
Consequently, incineration places fewer demands on land and result in relatively, fewer 
impacts on the environment. Landfills release a large amount of methane, whereas 
incineration avoids the emissions of methane (Youde, 201 0). In 2007, more than 35 
countries incinerated a total of 130 million tons ofwaste (Bogner et at., 2007). Indeed, 
incineration is widely used as an effective way to deal with the current MSW problem. 
For instance, Europe has set legislation to build more incinerators; the U.K government 
provides incentives to improve incineration as a way to reduce ghg emissions; while 
Sweden, France, the Netherlands and Switzerland incinerate more than 50% of their 
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MSW (Bogner et al., 2007). 
On the negative side, incineration has been criticized due to its high costs, heavy 
air pollution, inefficient energy generation and its conflict with recycling. To address the 
first point, the cost of building incineration systems is substantial, with more than 50% of 
the budget for an incinerator being spent on air pollution control (Connett, 201 0). 
Secondly, incineration significantly contributes towards air pollution, through its release 
of bottom ash and highly toxic emissions. For example, Canadian Institute for 
Environmental Law and Policy (2008) fmds that the waste incinerators are positively 
linked to dioxins and furan emissions. Thirdly, Gallagher (2010) states that energy 
generation from the incineration process remains inefficient, it recovers only I 0% of the 
energy used to make the actual products that are incinerated. Finally, some recycling 
supporters consider incineration as a huge barrier as the recyclable resources are wasted 
within the com busting process (Connett, 2006; Friends of the Earth, 2007). 
To conclude, the World Bank (1999) states that incineration has the potential to be 
an effective waste treatment method if it is supported by sufficient technology. Further 
studies are needed in the field to look at the efficiency and explore new teclmologies for 
incineration. 
2.2.6 Global landfill status 
A landfill is a site used for waste disposal, by burial. It is the oldest way to dispose 
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of waste. In the waste management hierarchy, landfills are the least preferred option, and 
have been criticized for their drawbacks. 
There are three main drawbacks of landfi lls from different aspects. First, methane 
emissions from landfills represent the largest source of ghg emissions from the waste 
sector (Bogner et al 2007). Second, landfi lls result in a "Second Pollution", for instance, 
waste collection and transportation activities generate serious air pollution during 
transportation and disposal process (Yang, 2011 , Huang & Zhou, 2009). Third, landfills 
also pose a threat to water system: whenever the percolating water contacts with MSW, it 
becomes contaminated. Unless the landfill has membrane, between the waste and 
underlying geology, the leachate is free to leave the waste and flow directly into the 
groundwater. 
However, no one can deny the importance of landftll in the waste management 
system. No matter how much prevention, re-use and recycling a society manages to 
realize, there will probably a lways be a role fo r a landfill in a waste management system. 
Therefore, some new focus is given to looking at a new design of landfills in a more 
environmentally friendly way rather than fighting against them. As a new form of 
landfills, a sustainable one, is stressed as an vital aspect in future waste management 
systems (Wagner, 20 II). 
The defmition of sustainable landfill remains very broad, and varies from country 
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to country. Barlaz (2005) states that a sustainable landfill is functionally stable when the 
waste mass, post-closure, does not pose a threat to human health and the environment. 
This condition is assessed with consideration to factors such as: leachate quality and 
quantity; gas composition and production; cover side-slope and liner design; site geology 
and hydrogeology; climate; potential receiving bodies, ecosystems and human exposure; 
and other factors deemed relevant on a site-specific basis. 
The United States Environmental Protection Agency (2007) stresses that a 
sustainable landfill is stabilized physically, chemically and biologically, to such a degree 
that the undisturbed contents of the site are unlikely to pose pollution risk. Upon 
completion, active aftercare pollution controls (e.g. management of leachates and 
gaseous emissions) and monitoring systems, is no longer required. AJlen (2001) defines 
sustainable landfills as "tl1e safe disposal of waste within a landfill, and its subsequent 
degradation to the inert state in the shortest possible time-span, by the most fmancially 
efficient method available, and with minimal damage to the environment". 
Although the definitions of sustainable landfills are slightly different~ there seems 
to be a common theme: that the overall target of a sustainable landfill is to minimize the 
environmental impacts through pollution control, leachate treatment and by closing those 
poorly operated landfills (New Zealand Ministry for the Environment, 2007). 
As a new technology, bio-reactors are treated as an important part of a sustainable 
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landfilling system. These will add moisture to MSW and will increase natural 
degradation of organic waste elements inside landfills (Kurian et al., 2004; Hudgins et al., 
2011 ). It is estimated that in a well-designed sustainable landfill with bio-reactors, the 
environment impacts of landfill GHG ghg emissions can be reduced by 95%. Another 
major concern, the landfill leachate can be well-treated through different ways such as 
recycling, on-site treatment or discharge to a municipal sewage treatment plant 
(Landcare Research, 2007). In these ways, sustainable landfill sites will no longer pose 
serious threats to human health nor to the environment. 
To conclude, landfill is still an important sector in the global waste management 
system. Properly designed landfills bave been widely applied in the developed countries. 
However, most of the landfills in developing countries are poorly designed and operated. 
Those uncontrolled landfills have created serious environmental concerns (Hettiaratchi, 
2003). The backward technology and insufficient funds make it, even more difficult for 
developing countries to manage, and improve their landfill systems. 
2.2.7 Integrated solid waste management (ISWM) and unit pricing 
Integrated Solid Waste Management ( ISWM) is treated as an important concept to 
improve the global waste management system (Staniskis, 2005). As individual waste 
treatment methods can no longer deal with MSW i11 a sustainable manner; and the MSW 
stream varies from case to case: waste management systems are required to be flexible 
with local economic, environmental and social conditions (McDougall et al., 2001; 
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Scharfe, 20 I 0). 
Before discussing the concept of ISWM, it is important to explain the terms 
"sustainable" and " integrated". "Sustainable" refers to a system that is adapted to local 
conditions !Tom a technical, social, economic, fmancial, institutional and environmental 
perspective. In addition, the sustainable system is also capable of maintaining itself over 
time (Anschutz, 1996). 
A system that is described " integrated" is one which uses a wide range of waste 
treatment methods on different habitat scales (see Table 7 below) with the involvement 
of all stakeholders (governmental or non-governmental: fo rmal or informal). 
The premise ofiSWM is to ensure that different habitat scales are integrated. Table 
6 shows that MSW management activities could be applied at different levels. Here the 
term "sustainable" and " integrated" can be treated as two sides of the same coin 
(Kiundert and Anschutz, 1999). For example, composted products made from urban 
areas can be applied in urban or rural agricultural and industrial park settings. This action 
could improve the closed-cycle waste treatment system and decrease the cost of 
collection and transportation. 
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Table 7 











Final di$posal and treatment 
Source: (Klundert and Anschutz, 1999). 
Prevention 
Separation at source 
Reuse at source 
Primary collection 









The definition of ISWM varies broadly among countries. The US. Environmental 
Protection Agency (2010) defmes JSWM as "a comprehensive waste prevention, 
recycling, composting, and disposal program. An effective ISWM system is aiming to 
prevent, recyc le, and manage solid waste in ways that most effectively protect human 
health and the environment". While , the organjzation known as ''the voice fo r the 
environment in the United Nations system", United Nations Environment Programme 
(UNEP) (2010) defmes ISWM as "the strategic approach to sustainable management of 
solid wastes, covering all sources and aspects, covering generation, segregation, transfer, 
sorting, treatment, recovery and disposal in an integrated manner, with an emphasis on 
maximizing resource use efficiency". 
Scholars state that the main function ofiSWM is to reach a balance between 
environmental effectiveness, social acceptance and economic affordability (McDougall 
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et al., 200 I; Morrissey and Browne, 2004; Petts, 2000). The main components and 
functions of ISWM, can be better understood within "Integrated Solid Waste 
Management Paradigm" (Figure 6). Under this paradigm, ISWM involves evaluating 
local needs and conditions, followed by selecting and combining the most appropriate 
waste management activities for those conditions. There are four waste management 
activities, which are prevention methods, reduction methods, recovery methods and 
disposal methods. All these methods are running through the decision arena (planning, 
design. implementation and reassessment). By connecting overall context and decisional 
arenas, the full function and efficiency of the integrated sol id waste management strategy 
is evaluated .. 
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l ntegnat~ Solid Waste Management Paradigm 
Figure 6. Integrated Solid Waste Management Paradigm 
Source: (Marshall & Farahbakhsh. 20 12.). 
ISWM is not created as a blueprint. but it can provide the framework for policy 
makers. to decide on the appropriate technologies for sustainable waste management. 
Under the ISWM framework. scholars have developed five principles as guidel ines to 
sustainable waste management (Lardinois & van de Klundert. 1995: Hemelaar & 
Maksum, 1996: Moreno & Lardinois. 1999: Colley. 1996 : Schuebeler et al. 1996). 
Firstly. the operational principles stress that the waste treatment technologies 
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should consider the physical environment, topography, or other environmental 
requirements, and maximize the effic iency and utilization of fac ilities. In addition, 
fac ilities should be of good quality and of long duration. 
Secondly, environmental principles stress that technologies and systems should be 
clean, to minimize the environmental impacts on so il, water and air, at all levels (local, 
regional and global). Environmental principles also highlight the necessity to improve 
closed-cycle systems, in which resources are recovered as c lose as possible to where the 
waste is generated. There fore, no waste would be produced during the transportation 
process. In most of the developing countries, a large amount of waste is dumped into 
open landfill s or even burned into the air without processing; this is from the lowest level 
of waste management hierarchy (Beukering et at. , 1999). 1t is essential that these 
countries put the environmental principles as their priority to improve their waste 
management systems. 
T he third princ iple covers financia l facto rs, which stress that financial 
management should be based on the "a ll bene ficiaries contribute principle", as 
developed by Heme laar & Maksum ( 1996) and Hemelaar (I 999). It states all groups that 
benefit from the waste management system shou ld contribute revenue into the system. 
For instance, waste producers are charged fo r using waste services. Subsequently, local 
govenunent or waste agencies, should pay a pro fi t tax, to allocate their revenue into 
waste management systems. At the same time, financial ana lysis should assist in 
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ensuring high productivity, of labor or capital, towards local situations and without being 
overly costly. 
The fourth principle that of social-economics, stresses that a waste management 
system should provide services to the whole population regardless of their etlmic, 
religious or social background. It also places emphasis on prioritizing users ' demands, 
willingness and ability to pay. The system should further improve local income and job 
opportunities. It must be noted that any user fees in the system, should be adapted to 
"willingness and ability" to pay. Between high-income and low-income users, cross-
subsidies should be provided. For some communities that are not able to afford the user 
charge, cheaper services should be provided in a more efficient way (Chuebeler et al., 
1996). 
Fifth on the list is, institutional principles. It stresses that a waste management 
system should follow local authorities, and ensures the invo lvement of all stakeholders 
regarding all social groups. In this way, the waste management system will allow room 
for the local government to implement new regulations and budget settings. 
These principles, of the ISWM, have significantly improved the existing waste 
management from different perspectives, compared with conventional waste 
management as described below. 
The conventional waste management system is inefficient and leads to undesirable 
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health impacts (such as vector-borne diseases), environmental problems (such as 
deterioration of ground water quality, due to leachate contamination) and social issues 
(such as informal communities, working in unsafe conditions). This is due to its 
centralized approach to waste management. In contrast, JSWM provides a combination 
of centralized and decentralized options, with effective pollution control systems (such 
as leachate treatment, and gas-capture systems) leading to economic gains due to 
improved efficiency, overall cost reduction, minimal environmental impacts and social 
acceptance. (Singh et al. 20 14; Seadon, 20 I 0; Clayton & Radcliffe, 1996). 
In addition to these, scholars wide ly agree that the ignorance of soc ial components 
(changing values, public participation and consumer behavior), will lead the 
conventional waste management into fai lure (Dijkeme et al., 2000, Henry et al., 2006. 
Morrissey & Browne, 2004; Pens, 2000). In contrast, ISMW has proved its efficiency in 
multi-stakeholder participation in the decision-making process by involving 
Non-Governmental Organization (NGOs), Community Based Organization (CBOs), rag 
pickers, the private sector, residential and commercial communities with the government 
(Carabias et al. , 1999; Zarate et al. , 2008). 
Moreover, in the conventional waste management, the term "waste" is treated as 
an instinctive concept of something that is unwanted or without value (van de Klundert 
& Anschutz, 200 I). In the ISWM system, "waste' ' is positively treated as a resource 
with the potential to make energy or products (Dijkeme et al., 2000). In this respect, 
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Seadon, (2006) states that under the waste management hierarchy, the ISWM system 
combines direct impacts (transportation, collection, treatment and disposal of waste) with 
indirect impacts (use of waste materials and cost outside waste management system). 
The role of unit pricing under ISWM scheme 
Unit pricing models are now widely applied under the Integrated Solid Waste 
Management (ISWM) scheme. As an economic instrument, unit pricing has two major 
objectives: to cover the costs of waste service and to positively influence the users into a 
sustainable waste disposal behavior (to reduce their waste generation and to recycle or 
compost more) (Gl Z, 2015). 
Most of the economic instruments can cover only one ofthese objective; for 
example, taxes or flat fee can only cover the costs of waste services but its effect on 
waste reduction is really limited. But unit pricing can cover both of the objectives at the 
same time. Therefore, the unit pricing has three major advantages compared with other 
economic instruments. 
First of all, sim ilar to traditional user charger or taxes, unit pricing also covers a 
part of, or all costs for waste services, but at the same time unit pricing provides 
incentives for users to change their waste disposal behavior into a more sustainable 
pattern (Kelleher, Robins & Dixie, 2005). 
Secondly. unit pricing has proved its effectiveness in waste reduction and 
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recycling, which indirectly releases the pressure on landfills or incinerators. Unit pricing 
also requires households to properly classify their waste before disposal, as such, waste 
collection agencies can avoid re-classifications of the waste and provide service in a 
more efficient way (Joshua, 20 13). 
Lastly, a unit pricing program will raise revenues for waste service facilities. In 
that way, each ofthe components under ISWM scheme can benefit from a unit pricing 
program (US Environmental Protection Agency, 2003). 
To conclude, under the ISWM scheme, unit pricing will benefit not only 
households but also waste service agencies. On the other hand, the integrated waste 
treatment facilities under ISWM can also positively influence the actual effect of a unit 
pricing program. In the long run, a unit pricing program under ISWM will help 
households to positively treat '"waste" as a beneficial resource for themselves and for 
the society. 
2.3 Waste Management in China 
Following the review of global waste management systems, we will now identify 
and discuss the current status of the waste management in China, based on existing 
literature. Given our research interest, a focus is placed on mid or small-scale Chinese 
cities. First we start with an overview of the Chinese waste management system, with 
regards to its history and current status. Second, we discuss the main treatment methods 
that are applied as part of the waste management process in China. Finally the problems 
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in the current Chinese MSW management system are stressed. 
2.3.1 Overview of the Chinese waste management 
The Chinese waste management system was established in the mid-1990s. 
Following the Eighth Five-Year Plan, the local government began to invest in waste 
treatment infrastructure. MSW treatment and efficiency have been significantly 
improved since and, as of2009 there have been more than 560 waste treatment sites with 
capacity to process 51% ofMSW established (Chen et al., 201 0). 
China has improved MSW management in terms of landfilling, incineration and 
composting, over the past 20 years. However, earl ier projects and programs are not 
cost-effective or environmentally friendly, and are not applicable to all Chinese cities due 
to socio-economic, institutional, and technological barriers (Gao, 1994; Fang, 1996: 
Chen et al., 20 I 0). As a response, Chinese central government started to rethink and 
revise their national waste regu lations. 
Due to changes in households· consumer behavior, MSW composition, economic 
development and legislative framework, in recent years, the Chinese central government 
called for a more sustainable waste management plan (Piresa et al. , 20 II). However, the 
increasing population and accelerated urbanization sti ll continue to pose multiple 
challenges in the Chinese waste management system (Chen et al 20 I 0; Hu et al, 2006; 
Liu & Diamond, 2005). 
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Figure 6a shows the amount ofMSW co llected and processed in China. The 
generation ofMSW has been increasing at an annual rate of 10%. from that ofthe 
previous year. For the past I 0 years. with over I 50 m iII ion tonnes of MS W being 
generated each year (Nie. 2008; Xu & Liu. 2007: Yuan et al..2008). Treatment rate of 
MSW has increased from approximately 5% from that of the previous year in the 1980s 
to 60% after 2000. Figure 7 shows the composition of Chinese waste treatment options. 
It is clear that land filling is used to treat more than 80% of the co llected MSW. with the 
inc ineration rate is growing steadily. 
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Figure 7. MSW Management in China: (a) amounts of MSW collected (including 
predicted values for 20 I 0 and 20 15) and treated from 1980 to 2015. (b) amounts of 
MSW treated by incineration. landfilling. and composting between 200 I and 2006. 
Source: (Cheng & Hu. 2009, p.27). 
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2.3.2 C hinese landfill status 
Tn the past twenty years, landfill has been playing an essential role in Chinese 
waste management. The fact shows that landfilling is the most widely used waste 
treatment method in China, and tends to remain dominant in the next decade. In 1992, 
79% ofthe MSW entered landfills (including dumping) in China, 19% was composted or 
recycled, and only 2% was combusted (State Environmental Protection Administration 
of China, 2001). By the end of2008, however, more that 81 %of the MSW was dumped 
into landfills and 15% was incinerated (China Statistical Yearbook, 2009). 
Chinese landfilling development is in typical governmental-dominant pattern. The 
growing trend in the use of Chinese landfill sites is shown in Table 8 (only data from 
2000 to 2007 are available). Such information indicates that, since 2002 the number of 
operational landfills declined by 13% (total number from 528 to 457); this is mainly due 
to the application of a waste collection charging system established in 2002 (see 
Appendix I). 
Table 8 
The Number of MSW Landfill Sites (2000 to 2007) 
~ear 2000 2001 2002 2003 2004 2005 2006 2007 
~andfill sites 484 571 528 457 444 365 324 366 
andfill quantity( million tons) 64.2 78.4 74.04 72 -it: .5\j 78.48 a1 .o8 78.73 ~.38 
Source: (Xu & Liu, 2007). 
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Despite the collection fees charged, the number of landfills started to increase 
again in 2007 (Table 7). This, however, was mainly because, in 2006, the Chinese 
Ministry of Construction (currently known as the Ministry ofHousing and Urban-Rural 
Construction), initiated an inspection exercise (CJJ/Tl 07-2005) on the status of landfill 
operations, and the classification of landfills, according to the Standard of Assessment on 
Non-hazardous Disposal of Municipal Solid Waste (see Table 9 for the Chinese Landfill 
Evaluation Fom1ula). Landfill evaluation formula s ignificantly improved the operation 
standard and, consequently, a number of newly designed landfills were constructed the 
fo llowing year (Zou, et al. , 2003); most of the new landfills in China now are all on 
larger scales and operate as high-tech fac ilities. 
Table 9 
Evaluation Formula for Chinese Landfills 
Simple and easy landfill site 
The waste is directly Iandfilled, without any prior pollution control, or other treatment. At 
present, this kind oflandfill site occupies around 10% (50% in 2004) of the landfill sites in 
China, mostly in small and undeveloped cities. The feature here is that there is no 
consideration of pollution protection; this is the way with most pollution problems. 
The controlled landfill site 
Some protection measures are applied in this kind of landfill, i.e. the government pays 
attention to the pollution control of these sites. However, the pre-treatment of these landfills is 
not enough; they cannot reach the standard because of the lack of the related teclmology and 
knowledge, such as the use of an impervious membrane, to prevent contaminated water being 
leached (protecting the surrounding soil and groundwater). Currently, this kind of landfill site 
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occupies 34% (30 % in 2004) of all kinds of landfill sites in China. 
Sanitary landfill site 
This kind of site is mostly utilized by developed countries, where it is considered as the best 
method to apply for a waste landfill. In China. sanitary landfills are currently occupying 57% 
of all the sites. Incidentally, class I Sanitary landfill sites have the more advanced disposal 
equipment and technology and with less impairment than the class II sanitary controlled 
landfills. 
Source: (Zhang, 2004; Ministry of Environmental Protection of the People 's Republic of 
China, 2002). 
There are some disagreements concerning the shortcomings of Chinese landfills 
trom different perspectives. 
Firstly, most of the Chinese landfills accept the mixed MSW without separation; 
the untreated leachate is discarded on site; they potentially cause serious pollution into 
the air, water and soil. Moreover, there is no control of landfill emissions, which could 
put the public health of workers and local residents at risk (Chen et al, 201 0). 
Secondly. landfills occupy extensive areas of land. The current increasing 
quantities of MSW and the less land available, clearly indicate that a landfill is not an 
efficient method to manage MSW in a sustainable manner (Huang & Zhou., 2009). 
Lastly, the central government is trying to cut subsidies for smaller landfills. 
Hence, municipalities are lacking the budget to introduce advanced technology to their 
landfill facilities, to meet MSW treatment demand. 
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2.3.3 Development of com posting and its misconception 
Composting is a common method fo r rapid stabiJization and humification of 
organic matters. as well as an environmentally friendly and economical alternative for 
treating so lid organic waste. Moreover, compost is a nutrient-rich organic fertilizer. 
Composting biodegrades organic waste such as fruit and vegetable peelings, manure, 
leaves, grass trimmings, paper, wood, feathers and crop residue, and turn it into a 
valuable organic fertilizer (Adani et al, 1995; Huang et at., 20 I I; Soni, 2007). 
Neverthe less. the true effect of the composting method is underestimated; given a 
misconception that it is only a way to produce fertilizer. On the contrary, composting is 
also e.ffective as a soil conditioner that improves soil structure, reduces erosion, helps 
so il retain moisture and provides a better environment for plant growth. Composting is 
consequently, a good solution for eroded lands and arid lands in China, such as 
agricultural lands near Beijing and Shanghai that are degraded and have caused most of 
the dust storms in recent years ( Ai & Polenske, 2005). 
Lin et al (20 14) stated that waste classification is the key for com posting, to guarantee 
the high quality of com posted products. Basically, com posting is a means of recycling. 
For current Chinese composting systems. the lack of waste classification before 
treatment is a huge barrier; mixed MSW can lower the quality of the composted products. 
For example. there are many materials such as g lass, plastic and metal that are not good 
for the so il. Moreover, the cost o f composting is high, which slows down the 
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development of composting systems in China, to some extent. 
2.3.4 Chinese incineration development: tbe myth 
Due to the huge land space needed for landfill sites and inefficient composting 
programs, incineration, with less land requirement, is one of the best available options 
fo r the current MSW problem in China. 
From the successful waste management experiences, many countries have 
recognized that incineration saves land space and treats MSW in a more efficient way. 
Incineration is an effective waste treatment method especially in countries with limited 
land space. For instance, 70% ofthe world 's waste incinerators are in Japan: nearly 75% 
of the Japanese total MSW is burned in these facilities (Mick, 2009). 
Chinese central government has implemented a number of policies to expand the 
investment in incineration. These policies include incentives, such as tax refunding, 
priority in bank loan application, and subsid ies fo r the purchase of incinerators. However, 
the incineration system in China is still not fu lly established based on the two following 
facts: 
First, there is a conflict between waste reduction and incineration. Incineration 
requires long-term capital investment to cover its operation and maintenance costs. As 
Chinese incineration sites are mostly privately owned, there is always an agreement 
between incinerator owners and local government to ensure sufficient MSW supply. 
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Such agreement, however, discourages waste reduction, and becomes a barrie r fo r 
recyc ling activities. Additionally, the incineration competes with recycling system fo r 
some types of MSW, especially combustible material, such as paper, textile. plastic and 
wood (Wu, 2007). 
Secondly, Chinese incineration systems have been long criticized for their 
backward technology, and fo r not being cost-effective. The main cost fo r an incineration 
plant is the establishment of a pollution control system, which is extremely high (US 
Environmental Protection Agency, 2009). In addition, the disposal of the ash, resulting 
from the incineration process, is expensive because of its hazardous nature. Hence, it is 
difficult to guarantee the fu ll function of an incinerator without the sufficient budget, 
which is the case for most Chinese incineration plants (Wu, 2007). 
2.3.5 Chinese recycling development and waste collectors 
As we have discussed in the waste management hierarchy, the reuse and recycling 
of waste are less preferred than its reduction. As avoiding to produce waste in modem 
daily life appears not to be feas ible, it is more important to fully explo it the potential use 
of waste through integrated operating systems, before incineration, or final disposal into 
landfills. 
According to the World Bank (2005), China 's current recycling rates are lower 
than other Asian countries5, despite their increasing MSW generation. There are two 
5 China's paper recycling rate is 30%. which is much lower than other Asian countries .. i.e. Taiwan 55% and Korea 
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main reasons to explain the lower recycling rate in Chinese waste management system. 
The mixed waste collection is a huge barrier for Chinese recyc ling development. 
The United States Environmental Protection Agency (20 I 0) stresses that the primary task 
for recycling, is waste classification; a well-designed waste management system always 
places great emphasis on this. However, the current waste management system in China 
only employs a mixed collection method, due to the lack of environmental awareness 
and absence of a monitoring system (Nie & Wang, 1999). 
Informal sectors are indirectly slowing down the deve lopment of recycling in 
China as indicated by Nie (2007). He reveals that, since 1989, the valuable materials in 
the waste stream are mostly collected by unregistered and informal collectors that are of 
limited education and environmental awareness. 
Such an occurrence makes it hard for Chinese waste agencies to control the waste 
generation, and promote the proper recycling program. In addition, the data of Chinese 
informal sectors remain limited. For example, the number of those unregistered informal 
co llectors is not even officia lly documented, which causes a difficulty for the 
government to estimate how serious the waste management is influenced by the informal 
sector. 
66%. llus is linked to the economic developing status. mucb of Chinese paper products are non-wood based wbicb is 
inferior to imponcd paper. Adapted: (the World Bank Waste management in China: issues and recommendations, 
2005). 
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2.3.6 Major issues in current waste management in China 
From review of the literature, five major issues in the current Chinese waste 
management system are identified. These are: old-tech facilities, inappropriate 
mechanisms, subsid ies temptation. simplistic imitation and the absence of stakeholder 
involvement. 
Old-tech facilities indicate the fact that waste sites operators are lacking in new 
technologies to upgrade their equipment, or train their technicians to carry out 
maintenance tasks. These may prevent waste treatment enterprises from reaching their 
projected profit and from remaining effic ient. 
Inappropriate mechanisms mainly refer to two-in-one political-enterprise waste 
management systems. Current in China, built-operation-transfer (BOT) systems are used 
to get private sector invo lvement in the waste industry. The outcome, of this however is 
still limited in scale and effect. In examining national waste generation and project 
feasibi lity, Zhang, Tan & Gersberg (20 I 0) concluded that more than 90 % of big waste 
enterprises are managed by the government. This hinders the development of a 
market-oriented mechanism for waste disposal. Another example of inappropriate 
mechanism is the Jack of private capital and foreign investment. Indeed, the private 
capital accounts for only 2% of the waste treatment investment (Chinese Bureau of 
Statistics, 2009). 
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Subsidy incentives are indirectly slowing the Chinese recycling development. 
Hong (2006) stressed a serious problem in China: the wide use of the mixed MSW 
collection method. The waste classification movement had little success. Yi et al. (2007) 
investigated the fai lure of waste classificat ion and concluded that government subsidies 
were the main cause. These subsidies are allocated to waste facilities based on the 
amount of MSW they processed. Consequently, waste enterprises rejected waste 
classification, as it decreased the amount of MSW they managed: incineration required 
certain amounts of MSW to ensure they received governmental subsidies, and recycling 
reduced the amount ofMSW that entered their system. 
Simplistic imitation refers to the absence of pre-evaluation and environmental 
assessment for Chinese waste projects. For instance, incineration might be an efficient 
way to deal with MSW, but the simple imitation of other countries will do more harm to 
the loca l enviromnent and recyc ling. 
Fina lly, China unlike the US. or the E.U. countries, does not yet have a clear ro le 
and responsibil ity for all the stakeholders involved in MSWM. Dong et al. (2001) stated 
that the responsibility of residents in MSWM is unclear in China. Generally, local 
municipalities are responsible for MSW co llection, transportation and treatment. MSW 
producers (including manufactures of products) are not legally responsible for the MSW 
collection and treatment. Although the government encourages private sectors to 
participate in MSWM, the unclear regulatory framework impedes its development 
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(Hoornweg, 2006). 
In addition to the issues studied above, further investigations are required to 
identify potential solutions to the MSW problem. The lack, or inaccuracy, of data 
presents barriers fo r the policy makers to efficiently plan and implement waste 
management polic ies. 
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C HAPTER 3 : 
M ETHODOLOGY 
3.1 Introduction 
This chapter explains the methodology we used to evaluate the applicability of unit 
pricing po licy in our case study city: Shijiazhuang, a mid-scale Chinese city. 
As highlighted in Chapter 2, there is no systematic method for policy evaluation in 
the Chinese waste management system. The existing waste management systems in 
China are not cost-effective or environmentally friendly. Consequently, Chinese cities are 
facing difficulties to fulfill the national waste treatment target due to socioeconomic, 
institutional and technological barriers (Gao, 1994; Fang, 1996; Chen et al., 20 I 0). 
Therefore, by addressing all the barriers in the Chinese waste management system 
and comparing them to global successful waste management experiences, we seek to 
investigate whether there are lessons to be learned, and experiences that could be applied 
in Shij iazhuang. More precisely, in this research, we regard unit pricing as a potential 
so lution to the existing MSW problem. Our analys is aims to reveal the possibilities of, 
barriers to, and suggestions regarding the implementation of unit pricing policy. 
There is an o ld saying from Chinese anc ient philosopher Laozi6: "give a man a 
6 Laozi (·'Old Master:· sixth or third century BCE): The concept of Dao is often associated with the figure 
Laozi and the classic Dao de ling. Adapted from: \\Ww.asiasocietv.org. The Book of the Way and Its Power. 
2008. 
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fish .feed him for a day; teach a man to fish,feed him f or a lifetime". It is always better 
to teach someone the methods to solve the problem themselves, rather than solving the 
problem for them. We therefore regard unit pricing as a possible solution to deal with the 
MSW problem and our study focuses on a mid-scale Chinese city, Shijiazhuang. 
The scope of this study is the urban areas of Shijiazhuang, not the entire city. The 
Shijiazhuang waste collection bureau provides the service of the entire city, but the rural 
co llection service differs from the urban service in that rural collection is once per week 
while the urban collection is daily. Therefore to ensure the quality of data, all of the 
survey respondents we chose were households from the urban areas of Shijiazhuang. We 
will discuss more details about data sample in the later section. 
3.2 Questionnaire Design 
Before the data collection, I 000 questionnaires were distributed to Shijiazhuang 
househo lds through a household survey carried out. The questionnaire contained 
questions on socioeconomic information and two other parts. The socioeconomic 
information included households' education level, income level as well as family size. 
The rest two parts of the questionnaire were designed to investigate households ' waste 
behaviors and their attitudes on the unit pricing policy. 
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3.3 Sampling Size and Sample Selection 
The sample size for the study is 1 000 households from I 0 different residential 
areas in the city of Shijiazhuang. The selection of the sample is done following a 
multi-stage sampling technique. 
In the first stage we divided the urban area ofShijiazhuang into 5 major districts 
according to the urban population distribution, using the annual development report by 
Shij iazhuang Bureau of Statistics (Table I 0). 
ln the second stage, we analyzed the building composition (high rise or walk up 
buildings) ofthese 10 residential areas to determine the target buildings for questionnaire 
distribution. We, then, picked 5 buildings from each pure high rise residence (15 
buildings in total) or pure walk up residence (15 build ings in total), then we picked 10 
residential buildings from the rest four mixed residence (20 buildings in total). 20 
questionnaires were then sent to each residential build ing on the list in order to make 
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Note : the data re fers to the Chinese citizens in the territory of Shijiazhuang, but not for those with 
settlement out of Shijiazhuang or short-stay foreign workers. Source: (Shijiazhuang Bureau of 
Statistics, 20 12). 
3.4 Sampling Error 
When co nducting a survey and the sample is selected from a large population, 
there will alwa 
sampling error 
ys be some degree of sampling error (Bailar, 1987; Krosnick, 1999). The 
is the extent to which a sample is limited in its ability to perfectly 
describe a popu lation because not every single element in the population could be 
an. 2000). In this study, we have identified three potential errors : the sampled (Dillm 
coverage error and the measurement error. In our study, we decide to use several 
imize theses errors and we will use an existing formula to illustrate it. methods to min 
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First of all, the coverage error occurs when there is a discrepancy between the 
target population and some individuals included in the sample. For instance, this error 
occurs if each sing le element is not equally selected and the sample could not represent 
the target population (Dillman, 2000). In order to min imize the coverage error, our 
sample selection covers the whole urban area of Shijiazhuang. In addition, households 
from both high-rise and walk-up buildings are included in our samples. Therefore, we 
be lieve most of the survey respondents have an equal chance to be inc luded in the 
sample. 
Second, the measurement error occurs because of the poor questionnaire design 
and behavior of the respondent. More specifically, a certain question using confus ing 
words would probably have imprecise or inaccurate answers because respondent 
interpreted the question in diffe rent ways (Salant & Dillman, 1994). Therefore, we 
decide to revise the questionnaire design in a clearer manner to minimize the 
measurement error. By consulting the existing literature, we use unambiguous and clear 
written questions and cho ices. For example, respondents are asked "Do you classify 
your waste ?' ' and they could choose either " Yes or No" . Additionally. each question 
from section one has some blank space so respondents co uld write down their own ideas. 
In that way, we can easily interpret their responses in a clearer manner. 
Furthermore, we decide to use the formula by Dillman (2007) to illustrate the 
margin of the possible error. If the sample size and population size are known, a margin 
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of error is calculated from: 
B= C P (1- p) p ( l- p) 
N, Np 
Where: 
Ns =completed sample size (1000 completed questionnaire) 
Np = size of population (121124 in total as shown in Table. 9) 
p = proportion e.'Cpected to answer a certain way (50% or 0.5 is most conservative) 
B = acceptable level of sampling error (0.05=±5%; 0.03=±3%) 
C = Z statistic associate with confidence interval (1.960=95% confidence level). 
To illustrate, following such formula , the complete sample size is I 000 and the 
total population is 121 ,124, the margin of error at the 95% confidence level is calculated 
to be 0. 0 14, which is at acceptable level. 
3.5 Data Collection Techniques 
The proposed data collection method is a modified Dillman approach. As pointed 
out by former scholars, in the field of social & economic surveys Dillman approach has 
three major advantages: first, it helps to collect the high quality data if response rate is 
high; second, it is less expensive to administer than telephone or face to face survey; 
third, it will reach a high response rate with sensitive matter (de Leeuw, 1992; Robert et 
al, 2002). In a mail survey using a modified Dillman approach, each ofthe respondents 
will always receive a flat envelope that included a cover letter, survey and prepaid retum 
envelope. More specifically, in this study our data collection fo llows three steps. 
To start with, I 000 mailing packages were distributed to each survey respondent in 
January 201 4. In the flfst mailing package, questionnaires in both Chinese and English 
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versions, a welcome letter with the stamp for feedback and the consent form were 
attached. In the welcome I etter, the surveyed respondents were informed of the research 
objectives and invited to a ttend the public presentation if they were interested to know 
more details about this stu dy. 
In the second step, a public presentation was launched in Hebei University to 
introduce the main backgr ound and aim of study as well as the data collection method. In 
this way, we educated thos e respondents who do not read or understood that information 
initially included in the firs t mailing package. 
In the third step, are minder postcard was sent to rest of the respondents requesting 
them to complete the surve y. Each postcard contained the researcher address fo r 
feedback of the questionnai re. Consistent with response rates in prior studies, a total of 
480 Shijiazhuang househol ds completed our survey till April, 20 14, giving a 48% 
responding rate (Table I I). 
Table I I 
entia/ Areas Response Rate of 10 Resid 
Respondents group Numb er of Number Number Response rate 
House holds sampled completing survey 
Bin he 10125 100 32 32% 
Dijing 9800 100 27 27% 
Guoda 21400 100 49 49% 
Hengda 12500 100 54 54% 
Oujing Garden 8900 100 18 18% 
Shimcn 14000 100 88 88% 
Shengshi 7500 100 47 47% 
ShijiGarden 18900 100 75 75% 
Tianz 5600 100 24 24% 
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I Wanda 12399 l 100 66 66% 
Note . (Created by author, 20 15). 
3.6 Acknowledged Biases and Survey Limitations 
All surveys have limitations and biases embedded within the questions that 
influence the survey results. Our assessment of these limitations and biases are briefly 
discussed below. 
The respondents' attitude towards scientific research varies from community to 
community, based on their own waste awareness and acceptance of scientific survey, 
thus the survey includes a social desirability bias. More specifi cally, there might be a 
tendency of survey respondents to answer questions in a manner that more favored by 
others. The social desirability bias might lead respondents to over-report more "good 
behaviors" (e.g. they recycle more often and produce less waste). 
Furthermore, there might be a cu ltural bias of our study. Prior cases show that to 
some extent Chinese society represents a lower level of interpersonal trust, as Chinese 
citizens' interpersonal trust is essentially built on familial and emotional re lationships 
(Cheng & Chan, 2005; Lin, 1989; Chinese Culture Connection, 1987). SpeciticaUy, there 
are some concerns such as: respondents are genera lly not convinced by the 
confidentiality promised by the researcher and are, in that matter, on the defensive 
answering personal questions asked by strangers. 
Being aware of the acknowledged biases we revised the survey instruments in two 
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ways to gain the respondents' trust and cooperation, and improve the data quality. 
First, as no refund or rewards were distributed to complete the survey, the 
respondents were infonned that they are not respons ible for paying any extra expenses 
and are provided a stamp to return their feedback. In the welcome lener, we c learly 
explained the research objectives and assure the respondents about the confidentiality of 
any perso nal info rmation, which would only be used for academic purposes. lfthey feel 
uncomfortable with the questions they have the right to contact the researcher, supervisor 
or UNBC academic office, or to withdraw from the survey at any stage. It was noted in 
the welcome Jetter that: "The results of this survey and all your personal information 
will remain confidential and only be used for academic purposes. There are no 
anticipated risks with your participation in this research. It is free fo r you not to answer 
any of the questions that you are not comfo rtable with and to send back the questionnaire 
as well. Li Yihan is the only researcher of this study and he is the only one who can 
access your personal information and keep it confidential". 
Second, compared to previous questionnaires being conducted in Chinese society, 
the questionnaire of this study is with a c learer and understandable problem statement. 
Because this survey is voluntary in nature, understandably, individuals who are interested 
in the waste issue are like ly to be over-reported in the data. 
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C IIAPTER 4 
C ASE STliD\' OF SIIIJIAZHUANG CITI' 
4.1 MSW Generation and Composition in Sbijiazbuang 
The waste generation rate of Shijiazhuang is the second highest of Hebei Province. 
2650 tons ofMSW are produced every day (Table. 12). The MSW generation of 
Shij iazhuang is 1.2kg/capita, which is higher than the average rate of China which is 
1.1 kg/capitaVday (Hebei Bureau of Statistics, 2014). 
In addition to the MSW generation, the composition of MSW in Shijiazhuang is 
similar to other Chinese cit ies. Compared to rural areas, MS W stream of Shijiazhuang 
urban areas contain a higher composition of kitchen waste, plastic, and paper. In the 
meantime, the increasing amount of recyclable materials poses both challenges and 
opportunities for the Shijiazhuang waste management system. The new waste treatment 
plan should not only focus on waste reduction practice but also to improve the proper 
waste classification and recycling business in Shjjiazhuang. 
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Table 12 
MSW Generation among Cities of Hebei Province 
City Hand an Taogsban Baodiog Sbijiazbuang 
Urban Population 1.0 million 1.46 million 0.99 million 2.86 million 
Urban Area(Sq Km) 457 146 3 12 455 
MSW Generation 1.2 1.3 0.95 1.2 
Kg/Capital/Day 
MSW Generation 1200 1930 950 2650 
Source: (Hebei Bureau ofStatistics, 2014). 
4.2 MSW Management System in Shijiazhuang 
MSW management in Shijiazhuang consists of three main components which are 
the waste co llection, waste transportation. and waste treatment. 
Since 2002, following the national Five Year Plan, Shijiazhuang implemented the 
new househo ld waste collection procedure; whereby household waste is co llected daily 
in various districts. There is around I 0,000 sanitation staff with 3,000 tricycles providing 
waste collection services from residential areas, administrative organizations, enterprises, 
and markets (Xu, 2003). After collection, MSW will be kept in one of the six waste 
transportation sites before entering the central landfill or composting site fo r processing. 
Most of the recyclable materials are collected inside the transportation sites by separated 
unregistered co llectors or small recycle dealers (Wang. 2002). Finally, the MSW flow is 
transported to local waste treatment sites. ln Shijiazhuang, there are three major landfills 
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and one medical waste incineration site with an 80% MSW treatment rate. In addition, 
there are no official registered composting sites in Shijiazhuang and some of the MSW 
are transported to rural areas for composting. 
In order to release the great pressure on the limited land space, the Shjjiazhuang 
local government provided incentives; such as tax reduction, financial support, and 
priority in bank loans application to establish more waste treatment projects. For 
example, JILl waste incineration project is expected to bring new opportunjties for the 
waste management system of Shijiazhuang city (see Appendix. 2 for an overview of nLI 
project). 
The experience of nLI project highlights two aspects that should be put as 
priorities into the current waste management system ofShijiazhuang. 
First, the pre-evaluation and environmental assessments are stressed before the 
launch of Jl LI project. An environmental assessment report was submitted to the 
government along with the project proposal. The report included a site-selection and 
investigation of the surroundings. which suggested that the projected location of nLI 
project should be accessible for adequate water resources and far away from residential 
and commercia l areas. Accordingly, a power transmiss ion system and a water-soil 
conservation program were equipped as extra components into the incinerator plant. The 
power transmission system approximately increases the efficiency of the generator by 
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20%. The water-soil conservation program is effective to stop leachate contamination of 
potential groundwater sources. Thus, the whole project is expected to increase the 
economic profits by 5% and reduce the possible environmental pollution taxes. 
Second, in order to reach the national waste reduction and recycle target, it is 
recommended that Shijiazhuang government should improve the existing waste 
collection system. On one hand, the fixed fee collection service should be replaced by 
variable fee system to cover the administration cost. On the other hand, Shijiazhuang city 
should promote a more clear and efficient waste classification standard for households to 
follow. Therefore, the waste treatment agencies will be able to reduce their operation 
costs to re-classifY the collected waste. 
4.3 M ajor Problems in Sbijiazbuang Waste Management System 
Although nu is one of the successful waste management projects and does 
significantly improve the efficiency of waste treatment, the Shijiazhuang waste 
management system still faces many challenges. In addition to the common barriers we 
have discussed before such as old-tech faci lities, inappropriate mechanism, subsid ies 
temptation, and simplistic imitation (see section 2.3.6 fo r more details), there are some 
important issues particular to the Shijiazhuang waste management system. 
First, the mixed MSW collection is a huge barrier for recycl ing and waste recovery. 
The new waste collection procedure announced by the city council involves waste 
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classifi cation at the household level, however without any related regulations or 
guidelines; it is difficult for househo lds to classifY the waste properly. The collected 
waste requires manual separation by the Sanitation waste co llectors and such a method 
represents a huge waste of labor and cannot be cost-effective. Consequently, neither 
households nor government treats waste classification for recycling or waste 
pre-treatment as a priority. For example, in one of the residential areas of this survey, 
households from Dijing are provided with separate waste containers for different waste 
streams, but the different containers are being collected into the same dump truck 
without separation. 
Second, Shij iazhuang has fi rstly introduced a monthly waste collection fee of3 
renminbi (RM B) per household in 2002. Due to the increasing MSW generated by 
households, the fixed fee represents a financial obstacle for Shijiazhuang government to 
upgrade the existing waste treatment facilities or to introduce new technologies due to 
the limited budget it offers. 
Third, the poor and limited scale management of the informal sector represents a 
threat to the success of waste management in Shijiazhuang. The informal sector in 
Shijiazhuang waste management system consists of individual waste collectors and 
unregistered waste deaJers, with no agency in charge to educate or provide administrative 
instruction to them. The Shijiazhuang local government is manag ing the informal waste 
sector by only shutting down the informal waste recycling stations and relocating them 
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far away from the city center. These informal collectors are living in poor conditions 
with limited educations. Their number and social backgrounds have never been officially 
documented. The mismanagement of this population has caused serious concerns; such 
as overspreading of contagious diseases from the landfill and low recyc ling rates because 
of the improper waste collection process. 
4.4 The Applicability of Unit Pricing in Shijiazhuaog 
As we highlighted in section 2. 1.3, there are some certa in steps and factors should 
be inc luded as a pre-evaluation of unit pricing before its application. Therefore, it is of 
great importance fo r us to look into seven key factors of Shij iazhuang considering the 
three dimensions of environment, society, and economy, and identity them into potential 
incentives or barriers for the application of a unit pric ing program. The seven factors 
identified are: 
I . Government Policy 
2. Waste Characterization 
3. Household Awareness 
4. Waste Consumer Behavior 
5. Local Recycled-Material Market 
First of all, as it is highlighted in section 4.2, Shijiazhuang government is playing 
the main ro le in the waste management system; there is limited private sector 
invo lvement except for some individual recycled-material dealers. Though that is not 
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essential to the implementation of unit pricing, but means that changes to the current 
system can be done without waiting for a contract with a private hauler to expire. 
Secondly, the waste characteristics of Shijiazhuang is similar to other Chinese 
cities, which contain a higher composition of kitchen waste, plastic and paper; the waste 
generation rate is also higher compared with other cities of Hebei Province (see sect ion 
4, I). Such fact reveals a great potential of unit pricing on recycling and waste reduction. 
However, the local recycled-material market might become a potential barrier on 
unit pricing application. Due to the insufficient funds, Shijiazhuang government is facing 
the dilemma to set up new waste treatment faci lities to improve waste classification and 
recycling practice. Consequently, local individual recycle dealers have limited access to 
collect the recyclable materials so they are still using door-to-door collection which is 
not efficient nor economica!Jy beneficial. Such barrier can only be resolved by providing 
a curbside collection program or something similar along with the unit pricing policy, but 
till now there is no curbside collection service available in Shijiazhuang yet. 
Based on our interpretations of the current conditions of Shij iazhuang, two of the 
five factors are considered to be incentives to unit pricing policy. namely Government 
Policy and Waste Characterization. Whereas one factor is seen to be the barrier to unit 
pricing. this is the Local Recycled-Material Market. The remaining two factors 
are not apparent in the literature source and thus, we will look into them by interpreting 
the results of our househo ld survey. 
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4.5 Conclusion 
In this chapter, we have investigated the present situation and problems regarding 
waste management in the city of Shijiazhuang. As it is highlighted in section 4.4, in 
current Shij iazhuang the waste treatment infrastructure is of low efficiency. Waste 
technology, facilities, practical application, regulations and technical standards in 
Shjjiazhuang remain the beginning stage, therefore we regard there is a strong potential 
for Shijiazhuang to introduce a unit pricing program. 
We identify the future unit pricing application will improve the current waste 
management system of Shijiazhuang from three aspects. first of all, unit pricing will 
release the pressure on limited land space and provide extra funds for the local 
government to set up new waste treatment facilities. Secondly, unit pricing is expected to 
improve the waste classification activities among households, which will directly 
improve the efficiency of waste incineration and waste composting in Shijiazhuang. Last 
but not least, unit pricing will raise the environmental awareness among households and 
improve their waste consumption behavior to be more sustainable and environmentally 
friendly. In the next chapter, we will present and analyze our findings from the household 
survey in Shijiazhuang and continue to discuss the applicability of unit pricing policy. 
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C IIAPTER 5 
QUALITATIVE ANALYSIS OF SURVEY IN SHIJIAZIIlJANG 
In this chapter, we will analyze the results from the household survey conducted in 
Shijiazhuang. The analys is is divided into two sections that represent the association 
between households' characteristics and waste consumer behavior on one side, and the 
general attitude towards unit pricing policy among households on the other hand. 
In data analysis the Chi-Square test of Independence was used to determine if there 
is an association between households' characteristics and their waste consumption 
behavior. Through the R&C contingency table, where R is the row and C is the column, 
two variables are compared to identifY if there is an association between them. The p 
value from the test is used to identify if an association exists between two variables, it is 
defined statistically significant if the p value is smaller than as 0.05. When that is the 
case, the data is re-analyzed to determine the type and strength of such association. 
5.1 Socioeconomic Characteristics of Respondents 
Socioeconomic characteristics of households have always been related to solid 
waste generation. These include income level, educational level and average family size. 
Table 13 is an SPSS analys is output showing three key descriptive statistical parameters: 
number of households, percentage, mean and median for the identified socioeconomic 
characteristics of households in Shijiazhuang. In this study, we used household monthly 
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income, the highest education level and the number of adu lts as three major indicators to 
describe the socioeconomic characteristics among survey respondents. 
Description of households ' socioeconomic characteristics 
Jn this study, more than half of the respondents (54%) reported a high income level, 
another 23% respondents are with low income level, and the rest 23% were with mid 
income level. For the education level, less than half oft he respondents ( 45%) fmished 
middle or high school and 42% finished college or university education, while the rest 
13% had an elementary education or even lower. Moreover, in this study, two indicators 
(total number of family member and adults number) were used fo r household waste 
generation and their waste classification habit analysis. 
The Table 13 shows that, among survey respondents the average income level was 
about 3885 renminbi (RMB), with about three people (two adults and one children) in 




Statistical Distribution of Socioeconomic Characteristics of Households 
Variable 
INCOME 
Low Income ( I 500 RMB) 
Mid Income (4000 RMB) 
High Income (6000 RMB) 
Mean value: 3885 
Median value: 4000 
EDUCATION 
Lower than Elementary (score I) 
Middle or High School (score 2) 
College (score 3) 
University or Higher (score 4) 
Mean value: 2.45 
Median value: 2 
FAMIL Y SIZE 
One Member (score I) 
Two Members (score 2) 
Three Members (score 3) 
Four Members or More (score 4) 
Mean value: 2.95 
Median value: 3 
Single Adult (score I) 
Frequency 





































Two Adults (score 2) 
Three Adults (score 3) 
Four Adults or More (score 4) 
Mean value: 2.39 










Note. In the questionnaire households were asked to choose their social economic 
categories, in this way, the data description is more accurate and will not be strongly 
affected by extremely data. 
5.2 Relationship between Households' Characteristics and Waste Consumer 
Behavior 
In this section, we investigate the potential association between households' 
characteristics and waste consumer behavior by addressing three questions with respect 
to the household waste generation and waste classification habit. 
5.2.1 Impact of educational level on household waste consumer behavior 
Previous studies identified a positive relationship between the education level of 
household and awareness of their recycling activities, as households with higher 
education levels tended to recycle waste more frequently compared with less educated 
households (Callan & Thomas, 1997; Jenkins et al., 1993; Ferrara & Missio, 2005). In 
this study, we aim to investigate if such relationship exists among Shijiazhuang 
households. In addition, efforts are put in to fmd out if there are other associations 
between households ' educational level and their waste generation behavior. To achieve 
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this goal we have looked into the varied education levels (which involved elementary 
school or lower, middle or high school, college and university or higher) on one hand, 
and different indicators of waste management awareness (waste generation awareness 
and waste classification habit), on the other hand. 
In the questionnaire the respondents were asked to report their estimated weekly 
waste generation. First of all, we fmd that the association between household education 
level and their weekly waste generation was statistically highly significant as P value is 
<.000 I (Table. 14). Secondly, we find that households with higher education levels were 
more aware of their waste generation. The data shows that 31% (86 out of 280) of 
households (with elementary, middle or high school education) were not aware of their 
waste generation, while such rate dropped to 6% (7 out of 120) among college educated 
households and even lowered to 4% (3 out of 80) among households with university or 
higher education level. 
The data clearly shows that Shijiazhuang households with higher education levels, 
they tend to produce more waste but they are also more aware of their waste generation 
compared with less educated households. It is also noted that despite of their education 
level, 20% (96 out of 480) households were unaware of their waste generation. 
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Table 14 
Household Education Level and Waste Generation (n = -180) 
Observed Counts Expected Counts 
A 8 c I don' t row A 8 c 
know total 
<=Elm 7 33 4 17 61 
9.625 20.625 13.75 ( II %) (54%) (7%) (28%) 
mid or 22 so 78 69 219 
32.8125 70.3125 46.875 
high (10%) (23%) (36%) (31%) 
college 29 54 30 7 120 24.7187 
52.96875 35.3125 (24%) (45%) (25%) (6%) 5 
>=Uni 26 43 8 3 80 16.8437 
36.09375 24.0625 (32%) (54%) (10%) (4%) 5 
col 84 180 120 96 480 
total 
p value < .001 
Note. A. refers to low waste generation rate ( 1-10 kg), B, refers to middle waste generation rate 
(I 0-30 kg) and C. refers to high waste generation rate (more than 30kg). The p value is defined 
statistically signjficant asp < .05 and statistically highly significant asp < .00 I (Jess than one in 
a thousand chance of being wrong). 
As fo llow up, the next two questions looked into households' waste classification 
habit as another part of their waste consumer behavior. 
The results reveal the existence of an association between household education 
level and their waste classificat ion activities. The Table 15 shows that the p value is 0.02 
( < .05, statistically significant) between households education level and their waste 
classification activities. Therefore, it is suggested that among Shijiazhuang households 




Household Education Level and Waste Classification (n = 480) 
Observed Counts Expected Counts 
Yes No row total Yes No 
<=Elm 18 (38%) 29 (62%) 47 23.98958333 23.0104 1667 
mid or high 117(49%) 123 (51%) 240 122.5 11 7.5 
college 53 (5 1%) 50 (49%) 103 52.57291667 50.42708333 
>=Uni 57 (63%) 33 (37%) 90 45.9375 44.0625 
col total 245 235 480 chi-sq: 9.007421 with OF of3 
p value is 0.02919 (< .05) 
Note. The p value is defined statistically significant asp va lue < .05 and statistically 
highly significant asp value< .00 1 (less than one in a thousand chance of being wrong). 
As follow up, households were asked which method they use mostly to class ify 
their waste. This question was particularly designed for Shijiazhuang households given 
the lack of knowledge about proper c lassifying methods and the use of random methods. 
It was a close-ended type and offered four options distinguishing (A). source of waste 
( kitchen, e lectronic, or living), (B). waste characteristics (plastic, metal, paper, g lass, 
wood etc), (C). water conta inment of the waste (dry or wet), and (D). hazardous waste vs. 
non-hazardous waste. Among the four available options, Standard B and C were both 
encouraged by Sanitation Bureau of Shijiazhuang. Hence, we assume that households 
who follow these standards had a better environmental awareness. For data accuracy, 
only households who reported to classify their waste in the last question were accounted 
for data analysis. 
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The p value from the Chi-square test is much less than 0.000 I, which is highly 
statistically significant (Table 16). This reveals that the households with higher education 
levels are more tending to correctly classify the ir waste fo llowing the proper methods 
(method B or C). 
Table 16 
Household Education Level and Waste Classification Method (n = 245) 
Observed Counts Expected Counts 
A Bor e D row total A Bore D 
<=Elm 5 (28%) 6 (33%) 7 (39%) 18 5.28979 8.96326 3.746938 
mid or 
27 (23%) 63 (54%) 27 (23%) 11 7 34.3836 58.2612 24.3551 0 
high 
college 28 (53%) 19 (36%) 6(11 %) 53 15.5755 26.3918 I 1.03265 
>=Univ 12 (2 1%) 34 (60%) I I ( 19%) 57 16.75 10 28.3836 11 .86530 
col total 72 122 5 1 245 chi-sq: 4 1.86 149 with DF of6 
p value< .0001 
Conclusion 
In this sub-section, we find some evidence confirming a positive relationship 
among the households and their waste consumer behavior. We find that Shijiazhuang 
households with higher education level tend to be more aware of their waste generation 
and perform better with waste class ification compared with less educated households. 
Such statement is corroborated with previous studies in this direction (see Callan & 
Thomas, I 997; Jenkins et al. , I 993; Ferrara and Miss io, 2005). Furthermore, despite of 
the households who are aware of their waste generation, there are still 20% (98 out of 
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480) households that have no waste awareness or do not care. 
5.2.2 Impact of income level on household waste consumer behavior 
Various studies highlighted two possible associations between household income 
and their waste consumer behavior. The ftrst stream of research stated that the higher 
income households tended to produce more waste (Jenkins, 1993; Bandara et at., 2007; 
Mazzanti and Zoboli, 2009; Afroz et al., 2009). While the second stream of study 
indicated that hjgher income households were more likely to classify and/or recycle their 
waste (Oskamp, 1998; Callan and Thomas, 1997; Hong, 1999; Jenkins et al. , 2003). 
In this section we investigate the potential association between the households' 
income level and their waste consumption behavior (waste generation and waste 
classification awareness) that are measured through the exact same indicators as for 
education level impact in the previous section. 
First of all, households were asked to estimate their weekly waste generation. The 
p value of Chi-square test is 0.003 , which significantly indicate that households with 
higher income tend to produce more waste than lower income households (Table 17), We 
have also noticed that 28% (30 out of 1 09) of low income househo lds are not aware of 
their waste generation, whjle such rate dropped to 24% (63 out of262) among middle 
income households and 3% (3 out of l 09) among high income households. 
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Table 17 
Household Income Level and Waste Generation (n = 480) 
Observed Counts Expected Counts 
I don' t 
A B c row total A 8 c 
know 
Low 
21 (19%) 47 (43%) II ( 10%) 30 (28%) 109 17.2812 37.03125 24.6875 
income 
Middle 
44 (17%) 81 (31%) 74 (28%) 63 {24%) 262 43.53 12 93.28125 62.1875 
income 
High 
19 {17%) 52 (48%) 35 (32%) 3 (3%) 109 23.1875 49.6875 33.125 
Jncome 
chi-sq: I 5.908 with DF of 4 
col tota l 84 180 120 96 480 
p value is 0.003144681 (< .05) 
Note. A. refers to low waste generation rate ( 1-1 0 kg), B, refers to middle waste generation rate 
(I 0-30 kg) and C. refers to high waste generation rate (more than 30kg). The p value is defined 
statistically significant asp < .05 and statistically highly significant asp < .00 I (less than one in 
a thousand chance ofbeing wrong). 
Following households ' waste generation, the next question asked households about 
their waste classification habit. First of all, households were asked whether they classifY 
their waste or not. Alone with the p much less than .0001 , we find a statistically 
significant association between household income level and their waste classification 
activities (Table 18). Specifically, we find that households with low or high irlcome 
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perform slightly better in terms of waste classification in comparison to the medium 
income households. There are approximately 38% medium income households who 
classify their waste, whereas such rate increased to 73% among low income households 
and 68% among high income households. 
Table 18 
Household Income Level and Waste Classification (n = 480) 
Observed Counts Expected Counts 
Yes No row total Yes No 
Low 65 (73%) 24 (27%) 89 45.427083 43.57291667 
income 
Middle I 10 (38%) I 78 (62%) 288 147 141 
income 
High 70 (68%) 33 (32%) 103 52.57291667 50.42708333 
Income 
245 235 480 chi-sq: 42.98 with DF of2 
col total 
P value < .0001 
As follow up, households were asked about their waste classification method. For 
data accuracy purpose, only households who reported to classify their waste were 
accounted in the analysis. Along with the p value < .05, we find the income level is 
positively associated with households waste classification method (Table 19); therefore, 
we suggest that SJZ households with higher income tend to follow the prescribed 
standards for waste classification. 
The data shows that among the three different income groups, 47% (29 out of65) 
of low income households, 58% ( 64 out of 11 0) of medium income households and 69% 
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( 48 out of 70) of high income households followed prescribed standards (standard B or C) 
fo r waste classification. Such result also generates various doubts regarding the waste 
generation and management practices of high income group. High income group was 
proved to be actively involved in waste classification activities and they seem to classify 
their waste more properly than others (see for example: Sherman, 1991 ; Skumatz, 1993). 
But, the waste generation by high income group was also higher compared with lower 
income groups. 
Table 19 
Household Income Level and Waste Class(fication Method (n = 245) 
Observed Counts Expected Counts 
A Bor e D row total A Bore D 
Low 43 (66%) 10 (15%) 12 (18%) 65 14.0612244 37.408 163 13.53061 
income 
Mid 17 (82%) 64 (58%) 29 (26%) 110 23.7959183 63.306122 22.89795 
income 
High 12 ( 17%) 48 (69%) 10 ( 14%) 70 15.1428571 40.285714 14.57142 
income 
72 122 51 245 
chi-sq: 16.22 with OF of 4 
col total p value: .00273 (< .05) 
Conclusion 
In this sub-section, we have examined the relationship between the income of the 
households and their waste consumption behavior. First of all, we fmd that higher 
income households in Shijiazhuang tend to produce more waste which is drew similar 
results from previous studies (Jenkins, 1993; Bandara et al., 2007; Mazzanti & Zoboli, 
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2009). Secondly, former studies exhibited that higher income household performed 
better at waste classification (Oskamp, 1998; Callan & Thomas, 1997; Hong, 1999; 
Jenkins et al. , 2003), this aspect is supported in this study, the result shows that in 
Shijiazhuang, high income households are more aware of proper methods fo r waste 
classification. 
5.2.3 Impact of family size on household waste consumer behavior 
Former studies highlighted a positive relationship between fami ly size and 
household waste generation rate. Larger households with more members tended to 
produce more waste than smaller households, but their average waste generation per 
person was relatively lower. In the meantime, households with more adults were tending 
to classify their waste more often than smaller households (see for example: Eugenia et 
al, 2002; Richardson & Havlicek, 1974; Visvanathan & Trankler, 2003; Benjamin & 
Mansoor, 2004). In this sub-section, we focus on investigating whether family size is 
associated with waste generation rate and waste classification activities among 
Shijiazhuang households, as we explained in the section 5.1 , we used total family 
members as an indicator to investigate household waste generation, and we used the 
adults number as another indicator to look into their waste classification habits. 
First of all, households were asked to report their weekly waste generation, we 
used three categories to better identify their waste generation rate: 1-1 0 kg as low waste 
generation rate, I 0-30 kg as middle waste generation rate and more than 30 kg as high 
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waste generation rate. In addition, for households who were not aware of their waste 
generation, they could choose "I don't know". 
As represented in the following table, the chi-square test, with the p value <.0001, 
reveales a statistically significant association between household size and their waste 
generation (Table 20). Thus, households with more members tended to produce more 
waste compared with smaller households. In addition, we also fmd that households with 
fewer members are more aware of their waste generation. 1t shows that all single member 
households are aware of their waste generation, while 11% (1 0 out of92) of two member 
households are not aware of their waste generation. In the meantime such rate increased 
to approximately 16% and 38% (36 out of 229 and 50 out of 130) among households 
with three members, four members or more. 
Table 20 
Household Family Size (Including Children) and Waste Generation (n = 480) 
Observed Counts Expected Counts 
1 don't 
A B c row total A B c 
know 
8 20 I 
One Member 0 29 6.34375 13.5937 9.0625 (28%) (69%) (3%) 
29 35 18 10 
Two Members 92 17.9375 38.4375 25.625 
(3 1%) (38%) (20%) (11%) 
34 Ill 48 36 
Three Members 229 42.2187 90.4687 60.312 ( IS%) (48%) (21%) ( 16%) 
105 
Four Members 13 14 53 50 
130 17.5 37.5 25 
or More ( 10%) (II%) (41%) (38%) 
Col total 84 180 120 96 480 
chi-sq:76.03 with DF of 6 
p value:< .000 I 
Note. A. refers to low waste generation rate (I-I 0 kg), B, refers to middle waste generation rate 
(1 0-30 kg) and C. refers to high waste generation rate (more than 30kg). 
As follow up, households were asked to report if they classify their waste before 
disposal. The result shows a significant association between family size and household 
waste classification habit (p value is much Jess than .0001). The result confirms that 
when the adults number of a household increases, their waste classification activities also 
increases (Table 21 ). For single adult or two adults' households, there were 
approximately 44% (20 out of 45) and 37% (1 0 I out of273) of them who classify their 
waste. However waste classification rate increased to 75% (66 out of 88) and 78% (58 
out of74) among three adults, four adults or even larger households. Despite of the 
households who reported to classifY their waste, we noticed there were totally 49% (235 
out of 480) of surveyed households did not carry out any waste classification activities. 
Table 2 1 
Household Family Size (Only Adults) and Waste Classification (n = 480) 
Observed Counts Expected Counts 
Row 
Yes No A 8 
total 
20 25 




Two adults 273 139.34375 133.65625 
(37%) (63%) 
66 22 
Three adults 88 44.91666667 43.08333333 
(75%) (25%) 
More than four 58 16 
74 37.77083333 36.22916667 
adults (78%) (22%) 
245 235 480 
chi-sq: 64.678 with DF of3 
Col total p value < .0001 
As another part of the waste consumer behavior, households were asked which 
method they commonly used for waste classification. In order to ensure the accuracy of 
data, only households who reported to classify their waste in the last question were 
further analyzed. Along with the p value of .015 (< .05), we have identified a positive 
relationship between household family size and their waste classification awareness 
(Table 22). However, such association is relatively weak according to the result. As 
highlighted in the previous section, household who adopted method B or C were 
considered to have a relatively high level waste classification awareness. It was noticed 
that among single adult households, the proper waste classification rate was 35% (7 out 
of20), such rate increased to 56% (57 out of 10 I) among two adults households, 41% 
(27 out of 66) among three adults households and 53% (31 out of 58) among four adults 
or larger households. Therefore, our result reveals that the households with more adults 
are more likely to classify their waste properly. Such statement has provided some new 
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insights to this study as no previous studies have looked into the family size and the 
standard they use for waste classification. 
Table 22 
Household Family Size (Only Adults) and Waste Classification Method (n = 2~5) 
Observed Counts Expected Counts 
row 
A 8 orC 0 A Bore 0 
total 
Single Adult 9 (45%) 7(35%) 4(20%) 20 5.87755 9.959183 4.163265 
23 57 2 1 
Two adults 101 29.6816 50.29387 2 1.02448 (23%) (56%) (21%) 
18 27 21 
Three adults 66 19.3959 32.86530 13.73877 (27%) (41%) (32%) 
More than four 22 3 1 5 (9%) 58 17.0448 28.88 16 12.0734 
adults (38%) (53%) 
Col total 72 122 51 245 chi-sq: 15.667 with OF of6 
p value: .0156 (< .05) 
Conclusion 
In this sub-section, we have examined the relationship between households ' 
fami ly size and their waste consumption behavior. It is highlighted by former studies that 
larger households tend to have a higher waste generation rate and carry out more waste 
classification activities (see fo r example: Eugenia et al, 2002; Richardson & Havlicek, 
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1974; Yisvanathan & Trankler, 2003; Benjamin & Mansoor, 2004). These statements are 
supported in this study. Our fiJ1dings show that larger Shijiazhuang households with 
more adults tend to have a higher waste generation rate but they also tend to perform 
better at waste classification. 
5.3 Unit Pricing among Shijiazhuang Households 
Following households waste management behavior studied in subsection 5.2 above, 
we investigated the potential of applying unit pricing in Shijiazhuang city. The related 
part in the survey, therefore, focused on households' general attitude towards unit pricing 
policy as a possible tool to waste management issue in Shijiazhuang, and collected their 
own concerns and suggestions. 
5.3.1 Support for Unit Pricing Policy 
Following questions of waste consumer behavior, surveyed households were asked 
to express their attitude towards unit pricing policy. There were three choices for 
households to choose from which are: A. 1 support unit pricing policy, B. I am indifferent 
or I don ' t care and C. I am opposed unit pricing policy. By analyzing the result of this 
question, we tried to investigate the general attitudes towards unit pricing, and to obtain a 
deeper insight between the supported rate of unit pricing and househo Ids socioeconomic 
characteristics. 
The result shows that approximately 40% ( 191 out of 480) of households 
supported unit pricing po licy, while 28% ( 135 out of 480) were indifferent or did not 
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care and the rest 32% (154 out of 480) were opposed to unit pricing policy. Such result 
indicated that despite of the 40% supported rate, most ofthe Shijiazhuang households 
did not care or opposed unit pricing policy. Indeed. such result also illustrated the 
spreading of the "Not In My Back Yard" phenomenon (NIMBY) among Shijiazhuang 
households. The NlMBY phenomenon is common within communities with limited 
environmental awareness as househo lds regard the MSW problem more o f the 
government's and other businesses' and as such, should be solved by them. 
In order to investigate the potential association between household socioeconomic 
characteristics and unit pricing supported rate, we conducted a cross tabu lation analysis 
as it showed in the Table 23. The p value we obtained is all much less than .000 l, it 
reveals the association between each household characteristics and their general attitude 
towards unit pricing policy. 
It is noted that the education level was associated with their genera l attitude 
towards uni1 pricing policy. The data shows that the supported rates were only 5% ( 3 out 
of 61) and 26% (59 out of2 19) among households with elementary, middle or high 
school education level, such rate increased to 81% (97 out of 120) and 60% ( 48 out of 80) 
among college, university or higher educated households. Such increasing supported rate 
clearly indicated fo r househo lds with higher education level were more tended to support 
unit pricing policy. As it was highlighted in section 5.2. 1, househo lds with higher 
education level tended to have a better awareness of waste and a better waste 
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classification habit. As a result, households with higher education level were more 
tending to support unit pricing po licy compared with less educated households. 
Household income is also associated with the supported rate of unit pricing policy 
to a certain extent. Such association is clearly justified by the cross-tabulation table that 
low income households were more tended to support unit pricing po licy compared with 
higher income households. The data shows that there were 50% (55 out of I 09) low 
income households supported unit pricing, while such supported rate decreased to 39% 
( I 03 out of 262) and 30% (33 out of I 09) among mid and high income households. We 
identified two possible reasons to explain such a relationship : first of all, low income 
households tended to support unit pricing policy because unit pricing could potentially 
reduce their waste bills; on the contrary, househo lds with higher income were producing 
more waste (as discussed in the section 5.2.2), there fore they might suspect that unit 
pricing would increase their household expend iture on the waste bi lls. 
The result has also indicated an associa tion between the number of adults in a 
household and the general attitude towards unit pricing policy. Specifically, we found 
that the households with fewer adults tended to support unit pricing according to the 
survey result. For single adu lt or two adults households, the supported rate of unit pricing 
were 38% ( 17 out of 45 ) and 55% ( 149 out of273), correspondingly the supported rate 




Cross-tabulation Between Shijiazhuang Households Socioeconomic Characteristics and 
General Attitude Towards Unit Pricing 
Do you support unit pricing policy's implementation in Shijiazhuang? 
Household Yes , i support unit Indifferent or i don't No, i am opposed to 
socioeconomic pricing policy. care. unit pricing. 
characteristics (Frequency and row (Frequency and row (Frequency and row 
percentage) percentage) percentage) 
<=Elm 3 (5%) 48 (79%) 14 ( 16%) 
Mid or high 59 (26%) 59 (27%) 105 (47%) 
College 97(81 %) 15 (13%) 12 ( 6%) 
>=Univ 48 (60%) 13 ( 16%) 23 (24%) 
chi-square: 194.202 with OF of6.p value< .0001 
Low income 55 (50%) 9 ( 8%) 45 (41%) 
Middle income 103 (39%) 97 (37%) 62 (24%) 
High income 33 ( 30%) 29 (27%) 47 (43%) 
chi-square: 41.178 with OF of 4. p value <.000 I 
Single adul t 17 (3 8%) 14 (31%) 14 (3 1%) 
Two adults 149 (55%) 42 (15%) 82 (30%) 
Three adults 15 (17%) 39 (44%) 34 (39%) 
Four or more adults 10 ( 14%) 40 (54%) 24 (32%) 
chi-square:82.674 with OF of 6 . p value< .000 I 
In addition, househo lds were asked to express their preferences of different unit 
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pricing models. In general, the result showed that the bag-based unit pricing was 
preferred by approximately 50% (238 out of 480) of Shjjiazhuang households, followed 
by weight based unit pricing of 30% ( 146 out of 480) supported rate and collection 
frequency based unit pricing with a supported rate of 20% (96 out of 480). Therefore, it 
was suggested that the bag-based unit pricing model was more acceptable for 
Shij iazhuang households. 
As we stressed in the literature review (section 2.3 .2), among all types of unit 
pricing models, bag-based unit pricing provided highest recycling incentive and was of 
the lowest cost for the users. It is a good sign, that many Shijiazhuang households are 
aware the bag-based unit pricing would help them to reduce the waste bills if they 
recycle and classifY their waste more frequently. Nevertheless, there are also some 
concerns addressed by the survey households. 
5.3.2 Concerns and suggestions regarding unit pricing policy 
Despite the support rate of unit pricing policy, a significant proportion of the 
surveyed households are found to be opposed to its implementation (approximately 32%; 
!54 out of 480) and another 28% (135 out of 480) households did not care. Therefore, 
househo Ids were asked to express their own concerns of unit pricing and suggestions to 
make it more successful. By integrating their answers, we found three core concerns of 
unit pricing among Shijiazhuang households. 
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The first and main concern expressed by nearly 40% (50 out of 125) of the 
households is the over packaging of products that would increase the cost for the 
consumers/households, as they would be charged twice under the unit pricing scheme. 
They expressed it was not fair and reasonable fo r them to pay for both manufacturing 
and disposal of the packages that was not required by them. It should be noted that the 
issue of over-packaging was not onJy a serious issue for unit pricing but rather a common 
concern for Chinese waste management system. 
For Shijiazhuang city in particular, we have distinguished two major fonns of over 
packaging. The ftrst fo rm is the volume or the size of the packaging, with increased 
number of layers (outside and inter-packaging). This concern is also related to large 
packages for actually small products. The second form of over packaging is in terms of 
material used in packaging, which is caused by the manufacturers that used the fancy 
appearance of packaging material that caused an increased cost for consumers. 
Therefore, the issue of over-packaging could not only be solved from the 
consumer side, but also required the involvement of producers' responsibility. In this 
research we have highlighted two principles as the probable solutions to deal with the 
over-packaging issue (see details in Section 2.3.1). These two principles are the shared 
responsibility and the polluters pay principle; both ofthe principles have been widely 
accepted in most of the E. U countries and have proved effective to improve the 
producers' responsibility. However, under the current Shijiazhuang waste management 
114 
system, producers are not required to participate in waste reduction and management. It 
is suggested that the issue of over-packaging should be addressed as a priority before the 
launch of a unit pricing program. 
The second concern addressed by househo lds, is the potential increasing of 
household expenses. Specifically, for households with limited knowledge and waste 
awareness, there might be a tendency for them to believe unit pricing would raise their 
waste bills. In order to reso lve that concern, a well-designed public education programs 
wou ld be required before the launch of unit pricing policy. Households should be 
educated that a unit pricing programs would raise the funds not only from the users but 
also from the manufacturers and recycle industry. If households could classifY their 
waste properly and fulfill the waste reduction target, their waste bills would also be 
reduced. 
As the last concern, some Shijiazhuang households were afraid that unjt-pricing 
would pose for illegal dumping activities. As we discussed in section 2.3.3 , illegal 
dumping activities could be released by a strict monitoring system. Moreover, a curbside 
collection seemed to be the most effective tool to resolve the issue of illegal dumping. In 
a curbside collect ion program, users were allowed to dump their containers in the public 
waste collection sites themselves free of charge. As a fact. most communities applying 
unit pricing programs with curbside waste collection services treated illega l dumping to 
be less of a concern than anticipated (U.S Environmental Protection Agency, 2003). 
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Therefore, the curbside collection service would be necessary in order to resolve the 
potential illegal dumping activities in Shijiazhuang. 
The concerns addressed above should be resolved as priorities before the launch of 
unit pricing policy in Shijiazhuang. As fo llow up, households were asked to provide their 
own suggestions to make unit pricing policy more successful in Shijiazhuang. 
Accordingly we summarized them in four main aspects: 
Firstly, some surveyed households stressed that the billing system under unit 
pricing schemes should be clear and helpful, to enable the households to control their 
own cost. Secondly, current production design should not make use of unnecessary 
packaging so as to reduce the bearing of unit pricing policy on consumers. Thirdly, the 
unit pricing design should address the public involvement as priority to ensure that unit 
pricing policy would be in favor of households and not as a mean to derive benefits for 
the government solely. Fourthly, the public should be able to choose their own preferred 
forms of unit pricing or waste related services. Hence, the unit pricing policy could 
define various ranges of prices for households who produce more waste and those who 
produce less waste, indicating variation in cost-bearing on them. This disparity among 
the rate would encourage better habits for households. 
Fo llowing all of the above suggestions and concerns from the households, in the 
next section we will present our major findings from the households ' survey in 
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Shij iazhuang. 
5.4 Major Findings of Shijiazbuang Household Survey 
The first part of our survey study represented the potential associations between 
Shijiazhuang househo ld characteristics and their waste consumer behavior. The results 
were summarized in Table 24. The results clearly revealed that in order to make unit 
pricing policy more effective among SJZ households, a public education program is 
needed fo r target groups: households with educational level lower than college, 
households w ith income lower than 3000 RMB/month and househo lds with mo re than 
two adults. Such educatio n program sho uld be designed to raise environment and waste 
awareness among SJZ househo lds. From governmental perspective, on one hand, the 
results from the waste consumer behavior should be addressed within the monitoring 
system of the unit pricing design, on the other hand, such approach is a lso an effective 
practice for pre-evaluation of other waste management po licies 
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Table 24 
Findings between Household Characteristics and Waste Generation/Classification 
Behavior from Shijiazhuang Survey 
Household education level income level family siu 
characteristics 
Waste Households with higher Higher income households Households with more 
generation levels of education (college, tended to produce more members (adults and 
university or higher level) waste. children) were tended to 
were more aware of how produce more waste. 
much waste they produce. 
Waste Households with higher Higher income households Households with more 
classification education levels classified tended to follow better adults classified waste 
habits their waste more often and waste classification more often and using more 
using more proper methods. methods. proper methods. 
S upport of unit Households with higher Lower income households Households with single or 
pricing policy education levels tended to tended to support unit two adults had a higher 
support unit pricing policy pricing policy more than supported rate of unit 
higher income households pricing than larger 
households 
First, this survey identified a positive relation between Shijiazhuang household 
education level and their waste consumer behavior. For instance, households with higher 
educational levels, relative to the rest of households, tended to be more aware of their 
waste generation and to classify their waste more frequently and correctly. The results 
also highlighted a significant confusion regarding waste awareness among households, 
which pointed to a lack of proper education of households 
Second, our survey resu lts identified a positive association between household 
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income and the awareness of waste generation and classification, as higher income 
households tended to produce more waste but they also classified their waste more 
frequently and properly (following the prescribed standards). Such results revealed that 
households with higher incomes tended to be more conscious of their waste disposing 
habits whereas their waste generation rates were also at a higher level. More specifically, 
they obtained better waste management awareness as they classified their waste more 
often and using a more environmentaiJy friendly method. 
Third, our survey results suppo1ted the statement from previous studies that 
households with more adults tended to have a higher waste generation rate (see for 
example: Eugenia et al, 2002; Richardson & Havlicek, 1974; Visvanathan & Trankler, 
2003; Benjamin & Mansoor, 2004). We also found that households with more adults 
tended to perform better at waste classification, which had not been investigated by other 
studies yet. 
The second part of the survey study focused on the households' general attitude 
towards unit pricing policy, their concerns and suggestions to make it more successful. 
The results showed that 40% ( 191 out of 480) of the surveyed households 
supported unit pricing policy, but more than half 60% (289 out of 480) of the households 
were split between opposed to, and indifferent (not caring) to unit pricing policy. It 
should also be noted that nearly one fourth (25%) of the surveyed households were 
indifferent towards unit pricing policy. Such results revealed the wide spread of the "Not 
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In My Back Yard" phenomenon (NIMBY) among Shijiazhuang households. The NIMBY 
phenomenon was common within communities with limited environmental awareness as 
households regarded the MSW problem more of the government's and other businesses' 
responsibility which should be solved by them. Therefore, we regarded it meaningful and 
necessary to look into the reasons why households were opposed to and not caring about 
unit pricing policy. 
As follow-up we gathered the major concerns and suggestions from households in 
terms of unit pricing application. In terms of the concerns from households, were 
solvable by using different policy instruments. Therefore we suggested that waste 
management system in Shijiazhuang should be improved in three main aspects in order 
to reach a successful unit pricing application. 
First of all, Shijiazhuang households tended to have a low level of waste 
management awareness, which would require an effective public education program. In 
addition to the "NIMBY" phenomenon we mentioned above, many of the Shij iazhuang 
households did not gain a clear sense about how unit pricing policy could solve the 
current MSW problem and benefit both local community and households. Through an 
effective public education program, many households would be expected to transfer their 
attitude from " indifferent" to "supportive" towards the unit pricing application. 
Secondly, households expressed their concern towards the illegal dumping 
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activities. Such concern was recognized by many former studies as a common 
consequence of unit pricing application (see section 2.3.4 for details). Fortunately, 
according to former experiences, an efficient environmental monitoring system with 
curbside collection option seems to be an effective instrument to solve the illegal 
dumping problem (Dijkgraaf & Gradus, 2004; Callan & Thomas, 1997; Jenkins, 1993). 
In the meantime, these policy instruments would not only resolve the illegal dumping 
activities but also encourage households to develop a more sustainable waste 
consumption habit. 
Last but not the least, the issue of over-packaging of goods is considered with 
strategic importance for SJZ city. We found the issue of over-packaging was a common 
concern among Shijiazbuang households. We suggest that the concern of over-packaging 
could be solved following two major principles as per European Union's experience. The 
shared responsibility and the polluters pay principle, under which both consumers and 
producers would be involved in the waste management system, and extra packages 
would be controlled at the source. 
As such, we believe that if all the issues above are comprehensively taken care of 
and solved, there will be a great potential of unit pricing implementation in the current 
Shijiazbuang. In the next section we will present the new unit pricing model design, 
which aims to solve these issues and to make the more potential success of unit pricing 
application. 
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5.5 Design of New Unit Pricing Model 
Based on all our survey findings and applications of previous unit pricing models, 
in this section we will present a newly-designed unit pricing model that fits the local 
conditions ofShijiazhuang city. This new model is mostly inspired from the Green Dot 
System in Germany (see Appendix 3) and the two-tiered bag-based unit pricing in Japan 
(see details in section 2.3.3). In general terms, the European Union (EU) has regulated to 
reduce the product packaging for more than 1 0 years by adopting the Packaging and 
Packaging Waste Directive (PPWD). Under the PPWD, Germany has created the Green 
Dot trademark indicates to consumers, that the collection and classification of packaging 
waste to be financed by producers and retailers (Appendix 3). The Green Dot trademark 
is available to companies that have signed a license agreement with Duales System 
Deutschland (DSD) to use the symbol on packaging. The symbol signifies that retailers 
and manufacturers who participate in the Green Dot program are discharged from their 
individual recovery and recycling targets as set under PPWD. 
The primary goal of unit pricing system in Shijiazhuang is to provide economic 
incentives for households, and to keep them active in recycling and waste classification 
at a lower cost. In the long term, the unit pricing system is expected to raise households ' 
knowledge and environmental awareness towards waste as these seem lacking from 
Shij iazhuang household survey. 
This new unit pricing model we will propose is based on three aspects from prior 
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experiences of unit pricing programs as it is visualized in Figure 8 below. 
First of all, as we have highlighted in section 5.3 , our survey results suggest that 
the bag-based unit pricing is more preferred by Shijiazhuang households. In the 
meantime, former unit pricing applications have revealed that pay-per-bag unit pricing 
program tend to be more efficient at reducing the burden on disposal infrastructure, to 
increasing recycling rate and lowering the administration costs. Therefore, we decide to 
use the bag-based unit pricing system that seems more suitable for the current 
Shijiazhuang city. 
Secondly, our survey results revea l that the concern of over-packaging is widely 
spread among Shij iazhuang households. Based on the principles announced by E.U., 
incentives should be provided both for consumers and producers to reduce waste 
resulting from over-packaging, in a way that the issue of over-packaging will be 
well-controlled even before its generation (see Section 2.3.3). Accordingly, our newly 
proposed unit pricing system has a in-store refund system that aims to encourage 
recycling among consumers. It will allow the consumers to leave the products' 
packaging right after making a purchase at the store. By doing that consumers will get a 
refund directly at the store, the collected packages will then be collected by recycle 
companies, and stores will get tax credits for promoting of such system. We expect the 
issue of over-packaging will get so lved by adopting this system, while households will 
shun the packaging at the point of sale. Consequently, the burden of waste management 
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will be transferred to the retailer and henceforth, the retailer will be encouraged to 
promote such system fo r tax saving purpose. At the same time, recycle companies will 
have a better access to collect well-classified waste at a large amount. On one hand, this 
system will potentially benefit Shijiazhuang households, retail stores, recycle companies 
and local government; on the other hand, it will comprehensively lead to a revolution in 
terms of packaging standards in the market of Shijiazhuang. 
Thirdly, our survey result suggests that many of the households are not aware of 
properly classifying their waste, which has caused serious difficulties for waste 
co llection and recycling. Based on the unit pricing programs application in Japan, 
households are required to purchase mandatory waste bags for different waste categories, 
along with incentives such as reduction of the utilities bill or distribution of waste 
disposal bags. From the experiences of Japan, it is of great importance for Shjjiazhuang 
households to develop a more sustainable waste classifying habit, to reduce their waste 
generation and properly classify their waste. Under the new unit pricing framework we 
proposed (Figure 8); each Shijiazhuang household will be audited by waste management 
agencies. Consequently, households who have misbehaved will be fined and the fine 
could be attached on their utilities' bill for a certain period of time as a penalty. On the 
contrary, if households participate actively in the recycling and waste classification 
activities, they will be rewarded for credits to reduce their utilities ' bills or to get free 
waste disposal bags. 
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Figure 8. Framework of New Unit Pricing Model 
(Compiled by Author) 
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5.5.1 Implementation of proposed unit pricing model in Shijiazhuang 
The newly proposed unit pricing model requires to be tested in some prominent 
cities like Shijiazhuang, which is the focus ofthls study, and if successful then it can be 
implemented at a larger scale in the China. There are three steps to implement the new 
unit pricing model into Shijiazhuang city: 
First of all, it requires each grocery store, market or restaurant to set up a waste 
recycling corner with separated containers which specifies the waste recycling guidance. 
Therefore, the consumers can directly remove the packaging for the in-store recycling 
and get refund (in cash or free designated waste bags) fo r doing so (rate based on 
recyclable material quantity and types). The store will receive tax credits from 
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government and waste collection agencies will collect the classified waste in a more 
effective way. 
Secondly, there are two different options to help households properly classify their 
waste. On one hand, if househo lds want to dispose their waste in public containers they 
are required to use the designated waste bags according different co lors for different 
waste categories. On the other hand, if they want to receive on door waste co llection 
services instead of using the public containers, they should be charged an extra waste 
co llection fee fo r this service. 
Thirdly, the waste disposal monitoring system will be introduced in case of illegal 
dumping or misbehavior from the users end in terms of waste classifications. Households 
wiiJ be announced by the government that they have the right to report any illegal 
dumping activities. Any househo ld reported with such activities shall be fmed, the fme 
will be attached on their utilities bill for a certain period of time. The fine will increase if 
they keep repeating such activities. 
In addition, this new unit model has three advantages that will encourage waste 
recycling/classification activities, raise public envirorm1enta l awareness and accelerate 
the waste industrialization in Shijiazhuang. 
First of all, this bag-based unit pricing system requires househo lds to properly 
classify their waste using identified waste bags, and encourages them to participate in the 
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in-store recycling of product packaging. Because waste classification is interconnected to 
the waste recycling to some extent, therefore if households classify their waste more 
often, they can easily pick the recyclable materials from the waste stream. Additionally, 
if households recycle their packaging waste in store it will be much easier fo r them to 
properly classify their waste. 
Second, this system tends to provide economic incentives for households to 
participate in the in-store recycle exercise and raise their environmental awareness 
considerably. On the contrary, households will be fmed ifthey misbehave in disposing 
their waste, therefore they will be consc ious to avoid illegal dumping and follow the 
proper standards to dispose their waste. In that way, households will become the 
principal player to solve the waste management problem instead of the government. 
Third, the in-store recycling system tends to release the current pressure on local 
landfills and waste collection agencies. Shijiazhuang government will be able to set up 
new waste treatment facilities. In the meantime, it will accelerate the waste 
industrialization and attract more private sector involvements fo r waste management. 
We assume that the new unit pricing model tends to effectively so lve the urgent 
MSW concerns in current Shijiazhuang, both in short and long run. In the short run, this 
system tends to improve recycling and waste classifications among households, while in 
the long run this system will encourage households to perform a more sustainable waste 
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consumption behavior and accelerate the waste industrialization of Shijiazhuang. Though 
this newly proposed unit pricing system involves strenuous efforts and time on the part 
ofthe government. we believe it is the most effective policy tool that will benefit the 




The goal of this research is to answer three important questions regarding waste 
management in Shijiazhuang, a mid-scale Chinese city. The fJist question is whether 
there is an association between Shijiazhuang households and their waste consumption 
behaviors? The second question is whether unit pricing policy is applicable in a 
mid-scale Chinese community such as Shijiazhuang? The third question is what potential 
solutions are there for optimizing efficiency and effectiveness of the unit pricing policy 
in Shijiazhuang in the future. This study has been conducted using diverse quantitative 
and qualitative methods including surveys, document analysis, government and industry 
reports and relevant literature. 
Our survey results suggest that many Shijiazhuang households have limited 
knowledge and awareness of waste disposal and classification, which is a huge barrier to 
implement unit pricing policy. We also ftnd that the issue of over-packaging is one of the 
main concerns raised by households, which would be a potential threat fo r the launch of 
unit pricing program. 
Therefore, based on the existing Green Dot system in Germany and two-tiered bag 
based unit pricing in Japan, we develop a new unit pricing model that seems applicable 
in the current Shijiazhuang. This system aims at solving the urgent MSW concerns in 
current Shijiazhuang both in short and long run. In the short run, this system tends to 
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improve recycling and waste classifications among households. While in the long run, 
this system will encourage households to perform a more sustainable waste consumer 
behavior and accelerate the waste industrialization of Shij iazhuang. 
Secondly, based on the existing literature and former case studies, we offer 
recommendations that improve the current waste management system in Shijiazhuang 
from two perspectives. 
We firstly suggest that Shijiazhuang needs to extend public involvement as a 
priority for the success of unit pricing policy. Right now Shijiazhuang households have a 
relatively low awareness of waste management and they do not take the responsibility to 
deal with the MSW problem. As a new policy that has never been applied in Chinese 
society, unit pricing implementation requires solid public involvement as a priority, and 
it might take years for households to foster and develop a "think before you throw" 
attitude. Thus, long-term public education programs are the most preferred policy tools 
for awareness rising and to make unit pricing applicable in Shijiazhuang. 
In addition, we suggest that Shijiazbuang needs to set up its own integrated waste 
management system and that remains accordingly flexible with the local economic, 
environmental, and social conditions. This integrated waste management system should 
evaluate and involve local needs and conditions, and then select and combine the most 
appropriate waste management activities for those conditions. For examples, separated 
waste collection should be improved instead of the mixed waste collection; existing 
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waste containers in the residential areas should be replaced by new containers with same 
size but different colors for waste separation. 
In conclusion, this research provides a systematic way to test the applicability of a 
new environmental policy in a mid-scale Chinese city. It contributes to the existing 
knowledge regarding policy pre-evaluation to deal with the current MSW problem in 
China. As it is highlighted in Chapter 3, there is an old saying from Chinese ancient 
philosopher Laozi: "give a man a fish, feed him for a day,· teach a man to fish, feed him 
for a lifetime". It is always better to teach someone the methods to solve the problem 
themselves, rather than solving the problem for them. It is expected that the approach of 
this research can provide some valuable experiences to other studies. The methodology 
of this research could also be applied to evaluate and introduce more efficient waste 
management policies to deal with the MSW concerns in China. 
However, there are a few limitations. The conducted survey is only able to survey 
a small number ofhouseholds from a few residential areas ofShijiazhuang; the results 
are limited and unlikely to be very detailed. In addition, Shijiazhuang households seem 
to have limited knowledge and awareness of scientific surveys, which might have biased 
the accuracy ofthe survey results. These biases can be reduced in future research by 
increasing the number of participants and to accommodate other industry experts and 
also by raising the awareness of scientific survey among respondents. 
This research can be extended in two directions. First of all, the approach of this 
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research could be used to dig deeper and test the potential of new waste management 
policies as well as to study the households ' behavior and defme the target population for 
public environmental education programs. Secondly, the new unit pricing model 
developed by this research could be used to improve the attitude of consumers and 
businesses to deposit-retum systems for certain products in order to improve the current 
manufacturing and retailing markets into a more sustainable developing style, 
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APPENDIX l. NATIONAL C HJNESE REGliLATIONS OF WASTE DISPOSAL 
Regulations Regu lations(English) Description Issuer Published date 
(Chinese) 
.:Pif:A~:tl< on Prevention and First law to regulate the The Standing April I, 1996 
fiJIE15~11- Control of management ofMSW Committee of the 
~lifjr.:t~ Environmental National People 's 
Pollution Caused by Congress 
Solid Waste of PRC 
.:Pif:A~;J:!i Law for Promotion of From each step of the The Standing January I. 2003 
~!Er.!f¥a~t Cleaner Production of production, the Committee of the 
!"~~i'i PRC rnanufacrurers should National People's 
take measurements to Congress 
reduce pollution 
rpii<A~;J:!i Law for Environment Emphasize the The Standing September I, 
;fU(3lllf-!Ji~ Impact Assessment of importance of Committee of the 2003 
iflWfi!iY* PRC preventing National People's 
environmental pollution Congress 
from source; any new 
construction must 
obtain EIA approval 
before breaking ground 
:!JiXilirli~:fD City Appearance and Principle guidelines on The State Council August I, 1992 
11-.J>'i.:E::E.i' Environmental city appearance 
115fd§1J Sanitary Management (outdoor advertisement 
Ordinance and horticulture) and 
environmental sanitary 
(MSW and public 
latrines) management; 
Local government 
would work out 
practical measurements. 
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Jr«m1:mtL Regulations Regulations regarding The Ministry of September I, 




and treating residential 
PRC 
Solid Waste solid waste. 
Jr«m~mtL Technical Policies on Guidance and standards The Ministry of June. 2000 
.1:&~31l2H5 the Disposal of of the technologies 
~IW%i1JUI~ Domestic Waste and applied in the MSW Construction of 
i!&~ the Prevention of PRC treatment. 
Pollution 
:X:'ffftltl:Jr£ Comments on An important signal for State Development September, 
nns7.l<~Jf Promoting the attracting private and and Planning 2002 
iil.l:&!z!:JII" Industrialization of foreign investment into Committee, 
~~~tt:J~ Municipal Waste municipal waste water Ministry of 
.!.\!. Water Treatment and and solid waste Construction, and 
Municipal Solid industry. State 
Waste Treatment Environmental 
Protection 
Administration 
Adapted from World Bank, Waste Management in China: Issues and Recommendations, May 2005 
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APPE~DlX 2: O VERVIEW OF JILl PROJECT 
Name of project: JILl waste incineration project 
Starting date: 31th, May, 2014 
Location ofproject:East ofYuanshi County, 16.3 km to the center ofShijiazhuang 
(see Figure 5 below) 
Scale of project: two Mechanical grate incinerators with daily capacity to measure 
1 OOOtons of MSW and two condensing steam turbine generator units. 
Principles and goals of project: 
I). Based on overall Shljiazhuang city planning requirements. principles of waste 
reduction and harmless waste treatment premise, to build the advanced 
technological waste treatment plant. 
2), Adopting high standard facility operation and management 
3), Following the 3R(reduce, recycle, reuse) waste treatment principles 
4), Perfom1ing economic operation cost principle and recycle activation economic 
benefits. 
5), With fully respectful to policies made by Shijiazhuang city council. 
4.2 Conclusions from environmental assessment 
I), The capacity of the incinerators will be approximately 1 OOOtons/day. Which 
wi ll effectively increase the harmless utilization rate of the current waste stream 
and reduce the amount of waste being landfilled. 
2), According to the sample of waste stream of Shijiazhuang, the heat value is 
between 5000-7000 KJ/KG. The condensing steam turbine generator units can 
approximately produce electric power 9.78 million KWH, or saving the coal 
consumption of 34,200 tons. 
3), The construction of project excluded the residential and commercial areas, 
which is 16 kilometers away from the city center of Shij iazhuang. 
, Financial analysis showed that the total investment is 478 million RMB, and is 
projected to have annual profit around 11.86%. 
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APPEI'\DIX 3: GERMANY GREEN DOT WASTE MANAGEMENT SYSTE~I 
What is Green Dot? 
The Green Dot system was established in Germany by the Duales System Deutschland 
(DSD), founded in 1990. The Green Dot 's imprint on a piece of packaging signals that the 
manufacturer of this packaging has paid a license fee for its collection, sorting and 
recycling. The Green Dot license fee finances the disposal services provided by DSD. The 
license fee is based on the packaging material, the weight of the item and the recycling 
expense. The system thus gives industry an incentive to develop and produce packaging 
that is easily recycled and also to reduce the quantity of packaging and packaging material. 
For consumers, they are all provided a chance to cut down their usage of unnecessary 
packaging and throw the packaging in the recycling corner in every store. By the time 
consumers bring their own containers/bags they will get refund on their shopping bil~ 
which significantly increased recycling rate as well as waste reduction. In the Green Dot 
system, both producers and consumers are asked to take responsibility for the packaging 
recycling and disposal. 
German Packaging Ordinance (German-British Chamber of Industry & Commerce, 
2003} 
The German Packaging Ordinance obliges manufacturers and distributors to take back 
used, empty sales packaging from consumers free of charge and to forward it for recycling, 
regardless of whether they sell direct, via retailers, wholesalers or importers. Sales 
packaging is understood to be anything that helps with the containment, protection, 
handling, delivery or presentation of goods. The easiest way to determine what is sales 
packaging is to establish if the packaging in question is discarded by the consumer 
/end-user. Basically this is anything a consumer takes home with him upon purchase (egg. 
cartons, cans, tubes, jars, pots, polystyrene mounds and chips, bubble wrap, plastic bags 
etc). For all obligated companies, there is compulsory membership of a dual system 
(compliance scheme), which ensures that used sales packaging is regularly colJected from 
private households and other locations throughout Germany. 
The philosophy behind the packaging ordinance is based on what is known in Germany 
and in the field of resource economics, as the "polluter pays" principle: those who produce 
waste are responsible for recycling and disposing of it. 
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The announcement by Green Dot for consumers: 
No arguing that all this sorting can sound a bit much. One option is to prevent as much 
garbage as you can. Buy yourself a basket and buy fresh fruit and vegetables at the outdoor 
market. They use paper bags, which you can just as well re-use every time you go to the 
market. Or buy loose products in the supermarket. 
Bring your own egg carton with you every time you buy eggs. Avoid products with obvious 
superfluous packaging. Use returnable product options and use refill packs. Buy yourself a 
cotton shopping bag and bring that along every tin1e you go shopping instead of using the 
plastic carry bags provided (most often for a small fee) by the store. Pack food in reusable 
contai11ers. 
Try to buy as many products as you can with the Green Dot on it, since this means that the 
manufacturer is assisting in financing the recycling of the packaging. You will fmd yourself 
tuned into the recycling frame of mind in no time. 
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APPENDIX 4: QtlESTIONNALRE OF SlUJIAZHUANG HOUSEHOLD SURVEY 
Questionnaire: Unit pricing and current waste management in Shijiazbuang 
Section One: 
Can you choose the estimated waste generated weekly from your household? 
A. 1-10 kg 
B. 10-30kg 
C. More than 30 kg 
D. I don't know 
Do you sort the garbage into different categories before you throw it away? 
A. Yes B. No 
If you answer yes in Q4, can you choose the standard you use to sort the garbage out? 
A. Kitchen garbage (food, paper bags, etc. ), electronic garbage, living garbage (newspaper, 
used clothes, etc.) 
B. According to garbage own properties: Plastic, metal, paper, glass, wood etc. 
C. According to the water containment, dry garbage or wet garbage. 
D. Hazardous garbage (corrosive bottles such as sulfuric acid), poisonous items (such as 
Based on your own preferences and the information on unit pricing provided in the attached 
document, on a scale of 1-5, how do you feel about unit pricing policy? 
A. I support unit pricing policy 
B. Indifferent or i don ' t care 
C. I am opposed to unit pricing policy 
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Based on your own preference and attached information on unit pricing, can you choose the 
one form of unit pricing you would think is more suitable for current Shijiazhuang community 
A. Bag based unit pricing 
B. Weight based unit pricing 
C. Collection frequency based unit pricing 
If you have more ideas please specify them here---------- - - -
Section Two: 
I. Please provided the number of adults in your household? 
A. Single adult 
B. 2 adults 
C. 3 adults 
D. 4 or more adults 
3. Please choose the answer below that best describes your education level. 
A.Eiementary school or lower 
B.Middle school or junjor high school 
C. College 
D. University or higher 
4. What is the approximate monthly income level in your household? 
A. Less than 3000 RMB 
B. 3000-6000 RMB 
C. More than 6000 RMB 
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